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Abstract  
Th e worldwide health burden caused by the tobacco epidemic highlights the importance of study-
ing determinants of smoking behaviour and key factors sustaining nicotine dependence. Despite 
vast-ranging preventive eff orts, smoking remains one of the most deleterious health behaviours, and 
its genetic and environmental factors warrant continuous investigation. Th e heritability of smoking 
behaviour and nicotine dependence has been suggested to be relatively high. Earlier smoking behav-
iour, nicotine dependence, socio-economic position and demographic factors have all been shown 
to be associated with smoking cessation. Th is thesis aimed to examine various aspects of smoking 
behaviour and nicotine dependence from an epidemiological and genetic perspective. 
Data for Studies I and IV were obtained from the Older Finnish Twin Cohort, a postal health survey 
conducted in 1975, 1981 and 1990 on same-sexed pairs and in 1996-1997 on male-female adult 
pairs.  Th e number of ever-smoking participants was 8941 in Study I and 3069 in Study IV. Data 
for Studies II and III came from the Family Study of Cigarette Smoking - Vulnerability to Nicotine 
Addiction. Th is study is linked to the Older Finnish Twin Cohort with new data collection during 
2001-2006 that focused on smoking twin pairs and their family members. Th e measures included 
intensive telephone interviews, blood samples and additional postal questionnaires. Th e numbers of 
ever-smoking participants was 1370 in Study II and 529 in Study III. 
Study I examined whether a genetic component underlies smoking behaviour among Finnish adults. 
Genetic factors were important in the amount smoked and smoking cessation, with about half of the 
phenotypic diff erences explained by genetic variance. A novel fi nding was that genetic infl uences 
on amount smoked and smoking cessation were largely independent of genetic infl uences on age 
at initiation. Th is result has implications for defi ning phenotypes in the search for genes underlying 
smoking behaviour. Furthermore, even if smoking initiation is postponed to a later age, potential 
vulnerability to subsequent nicotine dependence cannot be completely inhibited.
Study II investigated the eff ect of genetic and environmental factors on nicotine dependence, as 
measured by the novel multidimensional Nicotine Dependence Syndrome Scale (NDSS). Th is scale 
was validated in the Finnish data. Th e NDSS correlated highly with other established nicotine de-
pendence scales (FTND and DSM-IV), suggesting that this new scale would be a feasible and valid 
measure for identifying nicotine-dependent smokers among the ever-smoking population. About 
one-third of the phenotypic variation in nicotine dependence in this sample was explained by genetic 
infl uences.
Study III aimed at identifying chromosomal regions harbouring genes that infl uence smoking behav-
iour and nicotine dependence. Linkage analysis of family data revealed that for smoker and nicotine 
dependence phenotypes as well as for co-morbidity between nicotine dependence and alcohol use 
signals on specifi c chromosome regions (chromosomes 2q33, 5q12, 5q34 7q21, 7q31, 10q25, 11p15, 
20p13) exist. Results further support the hypothesis that smoking behaviour phenotypes have a ge-
netic background.
Study IV examined associations of smoking behaviour, socio-economic position and transition of 
marital status with smoking cessation. Indicators of socio-economic position were important predic-
tors of smoking cessation even when adjusted for previous smoking behaviour. Getting married was 
associated with an increased probability of cessation in men, a fi nding confi rmed among discordant 
twin pairs. Th us, having a partner appears to have a positive impact on smoking cessation.
In conclusion, nicotine dependence and smoking behaviour demonstrate signifi cant genetic liability, 
but also substantial environmental infl uences among Finnish adults. Smoking initiation should be 
prevented or at least postponed to a later age. Although genetic factors are important in nicotine 
dependence and smoking behaviour, societal actions still have a primary role in tobacco control and 
smoking prevalence. Future studies should examine the complex interactions between genetic and 
environmental factors in nicotine dependence. 
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Tiivistelmä 
Aikaisemmalla tupakointikäyttäytymisellä, nikotiiniriippuvuudella, sosioekonomisilla ja demografi -
silla tekijöillä on yhteys tupakoinnin lopettamiseen. Myös perinnöllisen osuuden on todettu olevan 
melko korkea tupakoinnissa ja nikotiiniriippuvuudessa. Tupakoinnin maailmanlaajuiset terveyshaitat 
osoittavat, että tupakointikäyttäytymiseen vaikuttavia ja nikotiiniriippuvuutta ylläpitäviä tekijöitä on 
syytä tutkia edelleen. Hyvästä valistuksesta ja ennaltaehkäisevästä toiminnasta huolimatta, tupakointi 
on yksi tärkeimmistä ehkäistävissä olevista terveyshaitoista ja siksi onkin tärkeää saada lisätietoa tupa-
koinnin perinnöllisistä ja ympäristötekijöistä. Tässä tutkimuksessa analysoitiin tupakointikäyttäytymi-
sen ja nikotiiniriippuvuuden eri puolia epidemiologisesta ja geneettisestä näkökulmasta. Väitöskirja-
tutkimus perustuu neljään osatutkimukseen (I-IV).
Osatutkimukset I ja IV pohjautuvat aikuisille kaksosille postitettuun terveyskyselyyn, joka toteutettiin 
vuosina 1975, 1981, 1990 (samaa sukupuolta olevat kaksoset) ja 1996-1997 (eri sukupuolta olevat kak-
soset). Ensimmäiseen osatutkimukseen osallistui 8941 kaksosta ja neljänteen 3069 joskus elämässään 
tupakoinutta kaksosta. Osatöiden II ja III aineistonkeruu perustuu nikotiiniriippuvuuden perinnöllistä 
alttiutta selvittävään perhetutkimukseen, joka kohdistettiin tupakoineisiin kaksospareihin ja heidän 
perheenjäseniinsä. Tutkittavat osallistuivat intensiiviseen puhelinhaastatteluun, antoivat verinäytteen 
ja täyttivät heille postitetun kyselyn. Osatutkimuksessa II oli 1370 ja osatutkimuksessa III 529 osallis-
tujaa.
Ensimmäisessä osatutkimuksessa selvitettiin perinnöllisyyden osuutta suomalaisten aikuisten tupa-
koinnissa. Geneettiset tekijät havaittiin tärkeiksi poltetun tupakkamäärän ja tupakoinnin lopettamisen 
osalta. Noin puolet tupakointikäyttäytymisen vaihtelusta oli selitettävissä geneettisillä eroilla. Uusi tulos 
oli se, että tupakoinnin määrään ja lopettamiseen vaikuttavat perintötekijät ovat suhteellisen riippu-
mattomia niistä perintötekijöistä, jotka vaikuttavat tupakoinnin aloittamiseen. Tämä löytö tukee tule-
vaisuudessa tehtävää tarkempaa geenitarkastelua siitä mitkä geenit ovat tupakointikäyttäytymisen taus-
talla. Johtuen riippumattomista perinnöllisistä taustatekijöistä, tupakoinnin aloittamisen siirtämisellä 
ei ehkä välttämättä voida ratkaisevasti vaikuttaa nikotiiniriippuvuuden kehittymiseen myöhemmässä 
vaiheessa. (I)
Toisessa osatutkimuksessa tutkittiin uuden moniulotteisen nikotiiniriippuvuusmittarin (NDSS = Nico-
tine Dependence Syndrome Scale) soveltuvuutta ja ominaisuuksia suomalaisilla tupakoitsijoilla. Saadut 
tulokset ovat yhteneväiset hyvin laajalti käytössä olevien muiden nikotiiniriippuvuusmittareiden kans-
sa (FTND ja DSM-IV). Tässä aineistossa perinnölliset tekijät selittivät noin kolmasosan nikotiiniriip-
puvuuden vaihtelusta. (II)
Kolmannessa osatutkimuksessa paikannettiin tupakoinnin ja nikotiiniriippuvuuden taustalla olevia 
kromosomialueita. Tulos vahvistaa oletuksen, että perinnölliset tekijät vaikuttavat tupakointikäyttäy-
tymiseen. Perheaineistolla tehdyssä kytkentäanalyysissä saatiin merkitseviä signaaleja tietyillä kromo-
somialueilla (2q33, 5q12, 5q34 7q21, 7q31, 10q25, 11p15, 20p13) tupakoinnille ja nikotiiniriippuvuu-
delle ja myös yhdessä esiintyvälle nikotiiniriippuvuudelle ja alkoholinkäytölle. (III)
Neljännessä osatutkimuksessa tarkasteltiin tupakointikäyttäytymisen, sosioekonomisen aseman ja si-
viilisäädyn muutoksen yhteyttä tupakoinnin lopettamiseen. Korkea koulutus ja ammattiasema olivat 
tärkeitä tupakoinnin lopettamisen ennustajia silloinkin, kun aiempi tupakointikäyttäytyminen oli huo-
mioitu. Miehillä siviilisäädyn muutos ennusti tupakoinnin lopettamista ja tulos vahvistettiin myös kak-
sospareilla, joista toinen tupakoi edelleen ja toinen oli lopettanut tupakoinnin. Parisuhteessa elämisellä 
näyttää olevan myönteinen vaikutus tupakoinnin lopettamiseen. (IV)
Nikotiiniriippuvuuden ja tupakointikäyttäytymisen taustalla vaikuttavat sekä perinnölliset että ym-
päristötekijät. Potentiaaliset tupakointikokeilut tulisi estää tai ainakin siirtää mahdollisimman myö-
häiseen ikään. Vaikka ymmärrämmekin paremmin perinnöllisten tekijöiden roolia nikotiiniriippu-
vuudessa, yhteiskunnan toimilla on edelleen keskeinen vaikutus ihmisten tupakointiin. Jatkossa tulisi 
tutkia, miten perinnöllisten ja ympäristötekijöiden keskinäinen vuorovaikutus muovaa tupakoinnin ja 
nikotiiniriippuvuuden ilmiasuja. 
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1. Introduction 

Every other of more than one billion current smokers worldwide will die prema-
turely due to various tobacco-related diseases (Doll et al. 1994, Neubauer et al. 2006). 
Smoking contributes to multiple well-documented adverse health eff ects, including 
heart disease, pulmonary disease and lung and other cancers (Doll et al. 2005, Risch 
et al. 1993), in both industrialized and developing countries (Mackay, Eriksen & 
Shafey 2006). Tobacco smoking is a leading cause of preventable disease and death. 
If the current trend remains unchanged, the annual number of deaths due to tobacco 
will reach more than 10 million by 2025 (Mackay, Eriksen & Shafey 2006). People 
who quit smoking can, for the most part, reverse these risks (Doll et al. 2004).

Th e social norms of smoking have changed markedly, from a liberal, smoking-al-
lowed-everywhere attitude to restricted smoking environments. Th is has had an in-
fl uence on smoking prevalence; the number of smokers has declined and the smok-
ing population has become less heterogeneous. In Finland, legislation and greater 
awareness of the consequences of smoking have decreased the numbers of smokers 
(Helakorpi et al. 2005). 

Smoking is a complex phenomenon also because governments receive taxes from all 
cigarettes sold. One-quarter of the adult population (26% of men, 18% of women) 
in Finland are daily smokers (Helakorpi et al. 2005), with smoking generally starting 
between the ages of 12 and 15 years (Paavola, Vartiainen & Puska 1996, Vartiainen 
et al. 1998). Th e number of smokers has decreased, especially among men, in the 
last decade being at the same level as in women (Helakorpi et al. 2007). However, 
smoking rates in the lower education groups have hardly shown any signs of decline. 
Smoking has become relatively more common among those with a low level of edu-
cation and low income (Giskes et al. 2005, Helakorpi et al. 2007).  Although smok-
ing prevalence is fairly similar in all Western countries, certain characteristics are 
typical for each country. Countries seem to be at diff erent stages of the smoking epi-
demic depending on, for instance, the country’s cultural and political surroundings 
(Cavelaars et al. 2000, Giskes et al. 2005, Platt et al. 2002, Regidor et al. 2001). Th is 
might indicate that environmental factors have a diff erent role in diff erent cultures. 
In the fourth stage of this smoking epidemic, smoking slowly decreases in both men 
and women. Less individuals in the higher socio-economic groups smoke, while the 
habit becomes relatively more common in lower socio-economic groups. Th is seems 
to be the case in Finland and in other Scandinavian countries, as well as in the USA. 
Th e relative price of tobacco varies in Europe, being among the lowest in Finland 
(Giskes et al. 2007).

Smoking initiation oft en occurs before the age of 18 years, during a period when 
cigarette purchase should not be possible because selling to individuals aged under 
18 is prohibited in Finland. Smoking initiation during childhood or adolescence 
is strongly associated with friends’ smoking and with the socialization process 



towards adulthood (CDC. MMWR 2005, Kemppainen et al. 2006, Paavola, Var-
tiainen & Puska 1996). 

Quitting smoking seems to be very diffi  cult for many smokers (Abrams 2003). 
Smoking cessation is a process (Prochaska, Velicer 1997), and most smokers have 
to try several times before succeeding. Within the European Union, 12% of smok-
ers say they are interested in quitting within the next month (Fagerström 2005). 
Th e chance of permanent/long-term success with an unaided attempt is around 
5% (Hughes, Keely & Naud 2004), whereas with the best treatments it is around 
25% (Abrams 2003). Smoking quickly becomes a dependence, consisting of physi-
ological, psychological and social components. 

Over the years of smoking research, the importance of nicotine dependence has 
been increasingly recognized. However, nicotine dependence research is a fairly 
new area, and its neurobiology is largely characterized by animal studies (Feng et 
al. 2006, Watkins, Koob & Markou 2000). Among humans, nicotine dependence 
research is more and more focused on the physiological and genetic background 
of addiction to nicotine (Munafò et al. 2001). Th e physiological understanding 
of addictive behaviours in general has also been developing rapidly. In addition, 
measurements of diff erent components of nicotine dependence and their interac-
tions are progressing (Shiff man, Sayette 2005). However, no comprehensive theory 
exists that encompasses all dimensions of nicotine dependence. A further problem 
is that the phenotypic measures of smoking behaviour and nicotine dependence 
vary markedly and are not always comparable between studies. Currently, many 
studies focus on the genetics of smoking, while earlier research has mostly arisen 
as a by-product of data collection for other purposes (Ho, Tyndale 2007).

In Finland, there is a gap in knowledge of the prevalence of nicotine dependence. 
A review by Hughes et al. (2006) showed that about 30% of ever-smokers and 50% 
of current smokers are nicotine-dependent, with only slight diff erences by age, sex 
and country (Hughes, Helzer & Lindberg 2006).

Nicotine dependence has been established to be a heterogenic and very complex 
phenomenon, with biological, psychological and social aspects. Twin studies have 
consistently shown that the heritability estimate for smoking is about 50% (Tyndale 
2003). Recently, active debate has centred around whether a need exists to search 
for genes underlying smoking and nicotine dependence (Merikangas, Risch 2003) 
because fi ndings of spouse and sibling correlations and large-scale gene searches 
have failed to show strong genetic contributions to smoking. 

Th is study focuses on general and specifi c genetic and environmental factors of 
nicotine dependence and smoking behaviour among Finnish adults. A public 
health challenge is to better understand the roles of environmental and genetic 
factors and their interactions in nicotine dependence. Such understanding would 
likely help to prevent smoking and to identify specifi c risk groups, allowing tai-
lored cessation programmes to be developed for those most vulnerable. 
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2. Literature review 

Th is review will focus on smoking behaviour and nicotine dependence as well as 
on general and specifi c genetic and environmental infl uences on their phenotypes. 
Only cigarette smoking is examined, although many other tobacco products, such 
as cigars, pipe tobacco, chewing tobacco and smokeless tobacco, are available. Th e 
use of other tobacco products is relatively rare in Finland. 

2.1 Smoking behaviour

Th is section reviews the following main processes along the continuum of smok-
ing behaviour: initiation, the process of becoming a regular smoker, the number 
of cigarettes smoked daily and smoking cessation. Some important covariates of 
smoking behaviour are also discussed. It is noteworthy that smoking behaviour is 
not an established term; diff erent views exist about what is included in smoking 
behaviour, and the research fi eld is very large.

2.1.1 Smoking initiation 

Experimentation with smoking usually starts between the ages of 12 and 15 years 
(Godeau, Rahav & Hublet 2004, Rimpelä et al. 2005). A teenager fi rst tries a couple 
of puff s and then perhaps smokes a whole cigarette (Lerman, Berrettini 2003), oft en 
as part of a social event. Th ose who enjoy this experience and feel that it is rewarding 
in a biological, social or psychosocial sense will more likely continue these experi-
ments and are at risk of becoming regular smokers. Some experimenters may feel 
unwell, but they might try another cigarette at some point because of social pressure 
to belong to a group. If one continues to smoke, the eff ects of nicotine begin to over-
lap with social factors in reinforcing the behaviour. Aft er some time, a predisposition 
for cigarettes and the infl uence of the social context will enhance the development of 
nicotine dependence (Lerman, Berrettini 2003). Environmental infl uences, such as 
smoking of family members (Sasco et al. 2003, de Vries et al. 2003) and peers (Chen, 
White & Pandina 2001, Johnson et al. 2002, Kemppainen et al. 2006, Paavola, Var-
tiainen & Puska 1996, Sasco et al. 2003, de Vries et al. 2003) as well as advertisements 
or other similar media, increase the risk for smoking initiation (Flay, Petraitis & Hu 
1999, Lerman, Berrettini 2003). Starting to smoke in adolescence is highly related 
to imitation of peer smoking and is a vehicle for maturation. Constitutionally and 
partly genetically determined factors, e.g. certain personality-related factors, such as 
inattentiveness (Barman et al. 2004), neuroticism (Terracciano, Costa 2004) and de-
pressiveness (Haukkala et al. 2000) , have been found to be associated with smoking 
initiation and continuation of smoking. 
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2.1.2 Biological aspects of the process of becoming a regular 
smoker

Recent studies (DiFranza et al. 2007a, DiFranza et al. 2007b, Gervais et al. 2006, 
Karp et al. 2005, O’Loughlin et al. 2003) have raised concern that nicotine depend-
ence symptoms can develop soon aft er experimentation, and that these symptoms 
might lead to smoking intensifi cation. Kandel and colleagues (2007) reported that 
adolescents who developed full dependence had experienced their fi rst symptoms 
faster aft er tobacco use than those who developed less severe dependence. In the 
study by DiFranza and colleagues (2002) approximately 20% of adolescents re-
ported nicotine dependence symptoms within one month of initiation of smok-
ing. Th e smoker quickly learns to appreciate the rewarding eff ects and becomes 
adept at manipulating the dosage. DiFranza (2007) also reported that a feeling 
of relaxation when smoking the fi rst lifetime cigarette is a predictor of losing au-
tonomy and becoming nicotine-dependendent. A recent study by Rubinstein et al. 
(2007) concludes that adolescents may be more sensitive than adults to the eff ects 
of nicotine and some may develop dependence with low nicotine exposures. Ear-
lier studies indicate that among adolescent smokers, 1-3 out of 5 are dependent on 
nicotine (Colby et al. 2000). Th e number might be even higher, especially among 
some adolescent groups (Colby et al. 2000), and about 70% of adolescents report 
having tried to quit smoking, with only 10% succeeding (Lerman, Berrettini 2003, 
Prokhorov et al. 1996, Rojas et al. 1998). Approximately 30% of smokers attempt 
to quit smoking every year, but less than one out of 10 succeeds (Fiore et al. 1990, 
Lerman, Berrettini 2003). 

Reward and punishment 

Smoking a cigarette almost immediately produces a pleasant feeling caused by nic-
otine. Within seconds aft er a person starts to smoke, nicotine crosses the blood-
brain barrier, where it produces the pleasant eff ect. Because the feeling only lasts 
a few minutes, smokers usually want to smoke repeatedly throughout the day to 
maintain the eff ect (O’Brien et al. 1992, West, Hardy 2006). Th is so-called positive 
reinforcement involves seeking out rewarding stimuli, while negative reinforce-
ment involves escaping from or avoiding unpleasant stimuli (Lewis 1990, Schulteis, 
Koob 1996, West, Hardy 2006).

Tolerance

Tolerance refers to adaptation to repeated drug exposure, such that the response 
diminishes as the person is repeatedly exposed to the drug (Benowitz 1996). Over 
time, tolerance is oft en accompanied by increased drug intake to attain the same 
eff ects, and this is not necessarily consistent across time. Th e body uses several 
physiological mechanisms to develop nicotine tolerance, including decreased re-
sponsiveness to the drug. Th is is termed pharmacodynamic tolerance (Benowitz 
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1996). Th e body adapts to repeated ingestion of the drug, with changes that work 
to restore normal functioning. Tolerance is a state of decreased responsiveness by 
the body to a previously administered drug, requiring a larger dose to elicit an ef-
fect of the original magnitude (West, Hardy 2006). Tolerance to some of the eff ects 
of nicotine develops fairly rapidly and several mechanisms are involved. Acute 
tolerance occurs when a few equal doses of nicotine are applied in close succession 
and the later doses have less and less eff ect (Perkins et al. 2001d). Nicotine levels 
are lowest in a smoker’s blood in the morning, and acute tolerance recurs each day 
(Le Houezec 2003).  Th us, the resistance of the tissues to later doses of nicotine is 
probably due to the persistent occupation of nicotine receptors by nicotine mol-
ecules (Perkins et al. 2001d). 

Tolerance aft er quitting is also important over the long term and for preventing 
relapse. Th is process is not well understood.  Th e neuronal pathways that have 
been activated once are more prone to work again in the future because of some 
facilitation of activation (Leonard, Bertrand 2001, Perkins et al. 2001a, Perkins et 
al. 2001b, Perkins et al. 2001c, Perkins et al. 2001d). 

Withdrawal eff ects 

Another reason why smokers feel the urge to smoke frequently is to avoid nico-
tine withdrawal symptoms. Nicotine withdrawal is an actual physical eff ect. With-
drawal syndrome is a collection of signs and symptoms caused by abstinence from 
use of a drug to which there has been physiological adaptation (Hughes 2007). 
Th e symptoms are temporary because aft er a period of sustained abstinence the 
body reverts to a normal, drug-free state (West, Gossop 1994). Withdrawal is de-
fi ned by the DSM-IV criteria of the American Psychiatric Association (1994) as 
a characteristic syndrome for a substance, and the same substance can be taken 
to relieve or avoid withdrawal symptoms. Withdrawal symptoms include anxiety, 
irritability, diffi  culty concentrating, restlessness, impatience, hunger, tremors, rac-
ing heart, sweating, dizziness, nicotine craving, sleep disturbance, headache, di-
gestive disturbance and depression (Kozlowski, Henningfi eld & Brigham 2001). 
Th e occurrence of these symptoms varies individually. Using nicotine replacement 
(e.g. gum, patch or inhaler) helps to curb the worst of these symptoms during the 
high-risk period immediately aft er becoming abstinent (Kozlowski, Henningfi eld 
& Brigham 2001). Weight gain is not a withdrawal symptom, but rather a physi-
ological consequence of the thermogenic infl uence of tobacco abstinence (Hughes 
2007).

2.1.3 Number of cigarettes 

When smoking has become an established habit, the amount of smoking is an es-
sential phenotype of daily smoking behaviour. Amount of smoking is commonly 
measured as the number of cigarettes smoked per day (CPD). CPD is also a fre-
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quently used marker of dependence, based on the assumption that the more ciga-
rettes one smokes the harder one will probably fi nd it to quit. In any case, the nico-
tine dose rather than the frequency of the behaviour (CPD) appears to be most 
important (West, Hardy 2006). Th is might refl ect several mechanisms, in that a 
high level of nicotine intake should lead to more pronounced neuron adaptation, 
refl ect a greater constitutional need for nicotine or refl ect a more highly learned 
and deeply ingrained habit. Whatever the mechanism, evidence suggests that those 
who report higher CPD are less likely to stop smoking (Etter, Duc & Perneger 
1999, Hymowitz et al. 1997, Kaprio, Koskenvuo 1988, Senore et al. 1998).

2.1.4 Smoking cessation 

Quitting seems to be very diffi  cult for many smokers (Abrams 2003) and is a 
chronically relapsing behaviour, i.e. many who have sustained long periods of ab-
stinence go back to smoking. A study of cessation trials with long-term follow-up 
showed that relapse rates among those initially succeeding in quitting decline over 
time, nevertheless remaining substantial for some years; about 50% of those absti-
nent for six weeks relapse by six months, and 20% of those abstinent for six months 
relapse by one year (Stapleton 1998). Th ere is also evidence that 30-50% of those 
abstinent for one year will relapse before fi ve years (Blondal et al. 1999, Stapleton 
1998). Sixty-one percent of Finnish smokers, both men and women, report want-
ing to quit smoking (Helakorpi et al. 2007). However, a much smaller proportion 
of Europeans are highly motivated to quit (12%) within the next month (Fager-
ström 2005). Th e rate of successfully quitting with an unaided attempt is around 
3-5% (Blondal et al. 1999, Hughes, Keely & Naud 2004, Stapleton 1998), whereas 
with diff erent treatments, such as nicotine replacement therapy (NRT) and psy-
chological support, the success rate jumps to 10-30% (Fiore 2000).

2.1.5 Factors infl uencing smoking behaviour

During the fi rst year aft er starting to smoke teenagers typically make their fi rst 
attempt to quit, although most are unsuccessful. Th ey experience the same with-
drawal syndromes as adults. Th e cessation rate is strongly related to age because 
the number of quit attempts increases with duration of smoking (Jarvis 1997). 

Gender is one determinant of smoking behavior. Some of the many diff erences 
between men and women may make it more diffi  cult for women to quit smoking 
than for men (Perkins, Donny & Caggiula 1999). Th e results of three randomized 
clinical trials (Wetter et al. 1999) of the use of nicotine patch showed that men had 
higher cessation rates than women at follow-ups. Women also tend to worry more 
about gaining weight when they quit smoking (Saarni et al. 2004), and they oft en 
report starting and maintaining smoking as a way of controlling weight (Perkins 
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2001). Stress, depression and lack of a social network might be reasons why smok-
ing cessation occurs less oft en among women (Perkins 2001). Because women are 
encouraged not to smoke during pregnancy (Windsor, Boyd & Orleans 1998), 
smoking cessation increases in this group. 

Gender diff erences (Perkins et al. 1997) in nicotine discrimination have been re-
ported. Apparently, male smokers are better at titrating nicotine doses, suggesting 
that women’s smoking is less driven by reinforcement from nicotine and more 
by other sensory and behavioural eff ects of smoking (Perkins, Donny & Caggiula 
1999). 

Some data suggest that women are less nicotine-dependent than men, when 
measured by Fagerström Test for Nicotine Dependence (FTND) (Fagerström et 
al. 1996). Paradoxically, however, women report more severe signs of nicotine 
withdrawal (Hatsukami et al. 1995). Surprisingly, given that women have lower 
nicotine dependence, they have more diffi  culty in quitting smoking. Women are 
not as successful with NRT because of hypothesized lower sensitivity to nicotine 
(Cepeda-Benito, Reynoso & Erath 2004, Shiff man, Paton 1999). 

One explanation for gender diff erences might be confounding due to diff erent 
ways of inhaling (Perkins, Donny & Caggiula 1999) or diff erent cigarettes smoked 
(Mustonen et al. 2005). Mustonen and colleagues (2005) found that the relationship 
between two exposure measures, i.e. cigarettes per day (CPD) and salivary nico-
tine, varies by gender, race and type of cigarettes smoked. Among non-menthol 
cigarette smokers, independently of gender and race, a signifi cant positive correla-
tion was observed, whereas among menthol cigarette smokers, such a correlation 
was observed only among Caucasian men (Mustonen et al. 2005). Th e most rel-
evant factor may be the gender roles prevalent in each culture. Scandinavian coun-
tries show nearly equal smoking prevalence for men and women (Croft on 1990). 
Despite the many studies available, evidence for gender diff erences in smoking 
cessation has been inconsistent (Perkins et al. 2001e). 

Both family and marital status have a role in smoking behaviour. Jarvis has shown in 
his study that parents caring for children are more likely to quit than adults without 
children (Jarvis 1996). Th e smoking status of family members (Kestilä et al. 2006, 
Sasco et al. 2003, de Vries et al. 2003) and peers (Johnson et al. 2002, Kemppainen et 
al. 2006, Paavola, Vartiainen & Puska 1996, Sasco et al. 2003, de Vries et al. 2003) has 
been demonstrated to have an infl uence of adolescent smoking. Th e proportion of 
smokers is practically the same among married/cohabiting (23% men, 20% women) 
and single (22% men, 20% women) individuals. Separated persons seem to smoke 
more (46% men, 35% women) based on a Finnish population-level study (Helakorpi 
et al. 2007), as do also German women living alone (Helmert, Shea 1998). A review 
by Haustein (Haustein 2006) shows that tobacco use is greater among people living 
alone. However, spouses may not always have a positive infl uence on each other’s 
smoking behaviour (Homish, Leonard 2005). 
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Among lower education groups in Finland, smoking has hardly shown any signs 
of decline in recent years. An international study reported that smoking has be-
come increasingly common among those with a low level of education and low 
income (Giskes et al. 2005, Helakorpi et al. 2007). An earlier 20-year survey of 
Finnish adults found the same trend, with individuals who had little or no educa-
tion constituting the largest group of smokers (Lahelma et al. 1997). Daily smok-
ing proportions among men and women are 27% and 24% in the lowest education 
group and 19% and 17% in the highest education group, respectively (Helakorpi 
et al. 2007). 

Children of less educated parents are more likely to become smokers than children 
of higher educated parents (Huurre, Aro & Rahkonen 2003, Kestilä et al. 2006); 
however, another study suggests that parental socio-economic position has no di-
rect eff ect on adolescent smoking (Paavola, Vartiainen & Haukkala 2004). Adoles-
cent smoking is polarized such that high school students smoke less than those in 
vocational school (Liimatainen-Lamberg 2000, Rahkonen 1994) and adolescents 
who are not smokers are more likely to reach a high educational level in later years 
(Glendinning, Hendry & Shucksmith 1995, Koivusilta, Rimpela & Vikat 2003). A 
review by Haustein (2006) reveals that tobacco is used more among unemployed 
people. Osler et al. (1999) observed in a Danish longitudinal study that smoking 
cessation increases with level of education in women, but not in men. A Finnish 
prospective study (Kaprio, Koskenvuo 1988) also found that women and men in 
early adulthood who had quit smoking over a six-year follow-up period were bet-
ter educated than those who continued to smoke. 

Further important covariates are comorbidities, such as other substance use and 
psychiatric conditions, which tend to make it more diffi  cult for smokers to quit 
their habit. First, alcohol drinking and smoking oft en co-occur; in addition, al-
cohol and tobacco are frequently co-abused   (Bierut et al. 2004, Hämäläinen et 
al. 2001, Laaksonen et al. 2002, Li et al. 2007). Up to 80-90% of alcoholics smoke 
compared with 25-30% of non-alcoholics (Batel et al. 1995). Th e smoking rate has 
been shown to correlate with the amount of alcohol consumed, and a correlation 
appears to exist between the severity of alcohol and nicotine dependence (Batel 
et al. 1995). Second, psychiatric conditions, such as depression (Morrell, Cohen 
2006), also replicated in a Finnish twin population (Korhonen et al. 2007), and 
schizophrenia (Williams, Ziedonis 2004, de Leon, Diaz 2005), increase the likeli-
hood of being a smoker or dependent on nicotine. 
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2.2 Nicotine dependence 

2.2.1  Neurobiological adaptation to nicotine

Tobacco smoke contains over 500 gaseous and over 3500 other chemical com-
pounds, of which most are poisons and 50 are carcinogenic (Haustein 2003). Some 
of these chemicals might be relatively harmless by themselves, but in interaction 
with smoke they become toxic (Benowitz 1998). Th e main substances in tobacco 
smoke are nicotine, tar and carbon monoxide. Nicotine is the addictive substance 
in tobacco, keeping the smoker dependent on smoking. Th e nicotine dose in one 
cigarette is not life-threatening as such, but it has the addictive eff ect, whereas 
inhaling the other chemicals causes the health risks (Haustein 2003). In cigarette 
smoking, nicotine is quickly absorbed into blood circulation, reaching the brain 
in 10 seconds, much quicker than other tobacco products. Th is is one reason why 
cigarette smoking has a high potential of becoming an addictive behaviour (Le 
Houezec 2003, Mustonen 2004).  

Aft er nicotine has entered the blood, it is rapidly distributed to the brain. As a 
result, eff ects of nicotine on the central nervous system occur quickly, even aft er 
a single puff  of cigarette smoke. Nicotinic acetylcholine receptors (nAChRs) are 
concentrated in the areas of cognitive function (prefrontal cortex, basal ganglia, 
nucleus ceruleus) and in the mesolimbic area, the nucleus accumbens. Nicotine ac-
tivates the nAChRs and this activation leads to release of acetylcholine, dopamine 
and glutamate and modulates other neurotransmitters such as noradrenaline and 
serotonin (Royal College of Physicians 2007). 

At the beginning of cigarette smoking, nicotine causes immediate pleasurable and 
rewarding eff ects related to cognitive functions and mood. Th is mechanism is 
called neuromodulation. Nicotine binds to several nicotine receptors, which be-
come activated and eventually desensitized. Th e rapid accumulation of nicotine in 
the brain aft er cigarette smoking in combination with nicotine’s eff ects on brain 
activity and function provide optimal conditions for the development of depend-
ence (Royal College of Physicians 2007). In this process, the action of dopamine 
on dopamine receptors in the nucleus accumbens may play a critical role (West, 
Hardy 2006). Acute and chronic tolerance for nicotine contributes to an increase 
in cigarette consumption because individuals have to smoke more to obtain the 
desired eff ects. Nicotine initiates synaptic and cellular changes that underlie the 
motivational and behavioural alterations, culminating in dependence (Benowitz 
1999). Th is stage is called neuroadaptation, which means that the system becomes 
able to use increasing doses of nicotine (Royal College of Physicians 2007, Wat-
kins, Koob & Markou 2000) .

Th e reward associated with nicotine use and the withdrawal symptoms caused by 
a lack of nicotine have a clear neurobiological background (Balfour 2002), as con-
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fi rmed in animal studies (Epping-Jordan et al. 1998, Feng et al. 2006, Watkins, 
Koob & Markou 2000) and by functional magnetic resonance imaging (Kumari 
et al. 2003, Stein et al. 1998). Th e complexity of the interaction between nicotine 
and non-nicotine cues indicates that smoking is maintained by both the direct pri-
mary reinforcing eff ect of nicotine and the related capacity of nicotine to establish 
paired non-nicotine stimuli as conditioned reinforcers (Balfour 2004, Balfour et 
al. 2000, Caggiula et al. 2001, Rose, Levin 1991). However, this theory only partly 
explains how nicotine, a demonstrably weak primary reinforcer, can exert the ro-
bust control over behaviour that is observed in smoking (Chaudhri et al. 2006).

2.2.2 Defi nition and models of nicotine dependence

No consensus exists on the most accurate and comprehensive model or theory of 
nicotine dependence. West (West, Hardy 2006) discusses this issue in his recent 
book “Th eory of Addiction”, which makes an attempt to provide a synthesis of 
earlier theories, the ‘Prime theory’. Th e ‘Prime theory’ suggests that there is a dys-
function in the person’s interior motivational system, and dependence is a refl ec-
tion of the disabled system. Th ere are also repeated activities of drug use typically 
prominent in addiction, such as repeated puff s on a cigarette and many cigarettes 
a day to obtain nicotine and derive smoking pleasure. 

In many cases, the addicted individual expresses an apparently sincere desire not 
to engage in the activity, but fails to sustain abstinence. In this formulation, addic-
tion does not just involve control; there is a syndrome that includes a heterogene-
ous collection of symptoms. Th e defi nition of the syndrome and associated diag-
nostic criteria are based on the alcohol dependence syndrome set out by Edwards 
and Gross (1976). 

One defi nition comes from inclusion of the term “reward-seeking”. Th us, the 
defi nition becomes “a syndrome at the centre of which is impaired control over 
a reward-seeking behaviour”. (West, Hardy 2006). Because impaired control can 
be understood as a weakening of self-control rather than an increase in drive to 
engage in the addictive behaviour, the defi nition could be a syndrome in which a 
reward-seeking behaviour has become uncontrollable (West, Hardy 2006). Addic-
tion to cigarette smoking can also be described as such a powerful drive to smoke 
that it overwhelms the strong desire to resist (West, Hardy 2006). 

Many ways to defi ne nicotine dependence have been suggested, and two terms, 
addiction and dependence, with slightly diff erent meanings, are commonly used. 
Th e term addiction is applied to a syndrome at the centre of which is impaired 
control over behaviour, with loss of control leading to signifi cant harm. Depend-
ence, in turn, is defi ned as a ‘physical dependence’ or a ‘psychological dependence’, 
a physiological adaptation to a drug which then needs to be considered to prevent 
withdrawal symptoms. Th e term dependence is useful in referring to a state in 
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which an individual, for whatever reason, feels a ‘need’ for something. West states 
the following: “Dependence is diff erent in a subtle way from addiction, which is a 
syndrome involving a behaviour and feelings. Th e problem is that addiction and 
dependence are oft en used interchangeably; it is unlikely that we will ever be in a 
position where there is a strong enough consensus on the defi nition on and dis-
tinction between these terms to make a play for a formal defi nition.” (West, Hardy 
2006). In this study, the term dependence is used.

Th e Finnish language has only one term to describe dependence and addiction. 
Th e term addiction is sometimes used, but only as a loanword. Th us, in Finland, 
the ambiguity between these two terms does not exist. 

‘Prime theory’ makes an attempt to provide a synthesis of earlier theories and 
models as the newest eff ort to understand dependence by combining earlier mod-
els. Some other models of nicotine dependence are briefl y outlined below.

(1) Positive reinforcement models share the premise that the immediate eff ects of a 
drug promote continued drug administration. Applying this to cigarette use, posi-
tive reinforcement models assume that nicotine functions as a primary positive 
reinforcer that motivates continued smoking behaviour over time. Th e four model 
subtypes are as follows: operant, economic, self-control and biological. All of these 
models share the assumption that the dependence process is continuous in nature. 
Also, as these models do not rely on the emergence of withdrawal, reinforcement 
and dependence processes may be evident even during early tobacco use (Glautier 
2004). 

(2) Negative reinforcement models share the premise that tobacco dependence 
is controlled by a smoker’s attempt to avoid or escape aversive states. Th ere are at 
least four types of negative reinforcement models: basic withdrawal, conditioned 
withdrawal, self-medication and opponent process. With the exception of the self-
medication model, these models hypothesize that aversive states that motivate 
continued drug use are a consequence of repeated exposure to nicotine. In each of 
these models, the cigarette smoker learns that smoking reduces or prevents aver-
sive conditions (Eissenberg 2004). 

(3) Cognitive and social learning models derive from the social learning theory, 
cognitive-behavioural traditions and modern cognitive sciences. Brandon et al. 
(2004) have focused on four constructs that appear repeatedly in cognitive and so-
cial learning theories of drug dependence: expectancies, self-effi  cacy, coping and 
craving (Brandon et al. 2004). 

(4) Th e bio-behavioural model of smoking behaviour (Lerman, Niaura 2002) is 
a framework for examining the determinants of health-related behaviours that 
contribute to disease susceptibility (Hiatt, Rimer 1999). Genetic factors play an 
important role in smoking behaviour; smoking initiation and persistence have 
been shown to be heritable (Li et al. 2003a, Sullivan, Kendler 1999). Emerging 
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evidence has revealed genes important in the diff erent catecholamine pathways 
and genes infl uencing responses to nicotine (Arinami, Ishiguro & Onaivi 2000, 
Walton et al. 2001). Genetic infl uences on smoking are mediated, in part, by indi-
vidual diff erences in biologically based behavioural and personality traits, as well 
as diff erences in the reinforcing properties of nicotine. Th e potential mechanisms 
of genetic eff ects are being investigated in both laboratory experiments (e.g. ex-
amining neural responses to nicotine) and prospective studies in the naturalistic 
environment. Genetic infl uences also occur in the context of key psychological 
and social infl uences, including depression, race, gender and tobacco advertising 
(Lerman, Niaura 2002). 

2.2.3 Assessment of nicotine dependence

Two traditional methods exist for assessment of nicotine dependence. Th e fi rst 
is a model of physical dependence, and the second is based on the psychiatric 
diagnostic tradition. Another approach is to divide measurements into unidimen-
sional and multidimensional categories. A valid measure of tobacco dependence 
is essential both for eff ective treatment of dependence and for research purposes 
(Etter 2005). Results of earlier studies support the hypothesis that tobacco and 
nicotine dependence is multidimensional (Haddock et al. 1999, Heatherton et al. 
1991, Hudmon et al. 2003, Piper et al. 2004, Shiff man, Waters & Hickcox 2004).

Nicotine dependence is associated with heavy consumption of tobacco products, 
compulsive use, tolerance, intake regulation and withdrawal (American Psychiatric 
Association 1994, Shadel et al. 2000). Nicotine dependence has typically been as-
sessed either by the Diagnostic and Statistical Manual of Mental Disorders, fourth 
edition (DSM-IV) (American Psychiatric Association 1994) or by the Fagerström 
Test for Nicotine Dependence (FTND) (Heatherton et al. 1991). Th ese measures do 
not comprehensively cover all aspects of nicotine dependence, in part, because DSM-
IV substance dependence criteria were developed (Edwards, Gross 1976) some thirty 
years ago for alcohol dependence and have been adapted to all substances, with the 
exception of substance-specifi c withdrawal criteria (West, Hardy 2006).

Th e psychiatric DSM classifi cation for nicotine dependence has been more com-
monly used in research (Hughes, Helzer & Lindberg 2006, Kandel et al. 2007, 
Sledjeski et al. 2007) than the ICD-10 tobacco dependence classifi cation, which 
prevails in clinical work (World Health Organization ). One should also note that 
classifi cation of diagnosis by psychiatrists is contractual. In this study, the DSM-IV 
classifi cation of nicotine dependence is used. 

Th e DSM criteria are assessed by a psychiatric diagnostic interview and are op-
erationalized as seven clusters, measuring loss of control with respect to smoking 
behaviour. Th e diagnosis of nicotine dependence requires the presence of at least 
three of the criteria during a 12-month period. Notably, craving is not included in 
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the DSM-IV version, although it was present in the earlier DSM version (DSM-
III-R). 

When DSM-IV criteria (American Psychiatric Association 1994) (Table 1) for 
nicotine dependence are applied, the defi nition is the following: “Diagnosis of de-
pendence requires presence of at least three of the following during a 12-month 
period: tolerance, manifested by decreased eff ect of a given dose or increased dos-
ing to produce the same eff ect, withdrawal following a period of abstinence, smok-
ing a greater amount or for a more extended period than intended, a persistent 
desire to smoke and unsuccessful eff orts to cut down, spending considerable time 
obtaining or using tobacco, giving up or curtailing important social, occupation-
al, or recreational activities because of smoking, and continued smoking despite 
knowledge of health risks.”

Table 1. Th e seven criteria of nicotine dependence in the Diagnostic and Statistical Manual of Mental 
Disorders, fourth edition (American Psychiatric Association 1994).

A maladaptive pattern of substance use leading to clinically signifi cant impair-
ment or distress, as manifested by three or more of the following, occurring at 
any time over a 12-month period: 

1.  Substance oft en taken in larger amounts or over a longer period than in-
tended 

2.  Persistent desire or unsuccessful eff orts to cut down or control use

3.  A great deal of time spent in activities necessary to obtain the substance 
(e.g. chain smoking) or recover from its eff ects 

4.  Important social, occupational or recreational activities given up or re-
duced because of substance use 

5.  Continued substance use despite knowledge of having a persistent or re-
current social, psychological or physical problem that is caused or exacer-
bated by use of the substance

6.  Tolerance, as defi ned by either need for greater amounts of the substance 
in order to achieve the desired eff ect: or a markedly diminished eff ect with 
continued use of the same amount

7.  Withdrawal, as manifested by either characteristic withdrawal syndrome 
for the substance or the same (or closely related) substance taken to relieve 
or avoid withdrawal symptoms

Fagerström Test for Nicotine Dependence 

Th e Fagerström Test for Nicotine Dependence (FTND) (Heatherton et al. 1991) is 
not a diagnostic measure, but rather a symptom scale usually assessed by a ques-
tionnaire. It is widely used in both clinical and research work. FTND is a modi-
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fi ed version of the earlier FTQ (Fagerström Tolerance Questionnaire) (Fagerström 
1978). FTND comprises six questions, and the score ranges from 0 to 10 (Radzius 
et al. 2001). FTND is also used as a dichotomous variable, with the cut-off  point 
varying from 2 to 8 depending on the study (Moolchan et al. 2002). Th e highest 
dependence rating is acquired by a smoker who smokes large quantities of ciga-
rettes and who smokes prominently in the morning. Scoring using the FTND scale 
is described in Table 2. FTND is unidimensional (Moolchan et al. 2002), with the 
key component being a diffi  culty in tolerating reduced nicotine levels. Th e meas-
ure is associated with cessation outcome and biochemical measures related to the 
quantity of cigarettes smoked (Haddock et al. 1999, Heatherton et al. 1991). FTND 
combines an index of consumption (cigarettes per day) with diffi  culty in tolerating 
reduced nicotine levels (time to fi rst cigarette of the day, smoking even when ill, 
smoking more in the morning, diffi  culty not smoking in no-smoking areas). 

Table 2. Th e six questions of the Fagerström Test for Nicotine Dependence (Fagerström 1978). 

1. How soon aft er you wake up do you smoke your fi rst cigarette?
5 minutes -> 3 points
6-30 minutes -> 2 points
31-60 minutes -> 1 point
Aft er 60 minutes -> 0 points

2. Do you fi nd it diffi  cult to refrain from smoking in places where it is forbidden?
Yes -> 1 point
No -> 0 points

3. Which cigarette would hate most to give up?
First cigarette in the morning -> 1 point
Some another cigarette -> 0 points

4. How many cigarettes/day do you smoke?
1-10 cigarettes -> 0 points

 11-20 cigarettes -> 1 point
 21-30 cigarettes -> 2 points

31 cigarettes or more -> 3 points
5. Do you smoke more frequently during the fi rst hours aft er waking than dur-
ing the rest of the day?

Yes -> 1 point
No -> 0 points

6. Do you smoke when you are so ill that you are in bed most of the day?
Yes -> 1 point
No -> 0 points

Th e heaviness of smoking index (HSI) (Haddock et al. 1999, Heatherton et al. 
1991), with a range of 0 - 6 points,  is based on the two main questions of the 
FTND: number of cigarettes per day and time to fi rst cigarette in the morning. 
Th ese two questions are widely used for screening nicotine-dependent smokers in 
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mini-interventions by clinicians and other health professionals. All Fagerström’s 
tests (FTQ, FTND and HSI) provide a continuous score, refl ecting the degree of 
physical dependence (Etter 2005). In the Finnish population survey, the question 
of time to fi rst cigarette in the morning showed that slightly more men (14%) than 
women (11%) light up the fi rst cigarette within fi ve minutes of waking. A similar 
trend is seen when comparing the group that lights up the fi rst cigarette within 
6-30 minutes of waking (45% men, 42% women) (Helakorpi et al. 2007).

Table 3. Th e two questions of the heaviness of smoking index (from FTND).

1. How soon aft er you wake up do you smoke your fi rst cigarette?
5 minutes -> 3 points
6-30 minutes -> 2 points
31-60 minutes -> 1 point
Aft er 60 minutes -> 0 points

2. How many cigarettes/day do you smoke? 
1-10 cigarettes -> 0 points
11-20 cigarettes -> 1 point
21-30 cigarettes -> 2 points
31 cigarettes or more -> 3 points

DSM-IV and FTND measurements do not comprehensively cover all aspects 
of nicotine dependence partly because DSM-IV substance dependence criteria, 
which are loosely based on Edward and Gross’ (1976) model of the dependence 
syndrome, are broadly applied to all substances, with the exception of substance-
specifi c withdrawal criteria. FTND and DSM-IV thus appear to measure diff erent 
aspects of the tobacco dependence process, a conclusion supported by the em-
pirically low correlations between FTND (or HSI) and DSM-IIIR/IV (Etter 2005, 
Moolchan et al. 2002).

Nicotine Dependence Syndrome Scale

A need exists for self-report measures that more comprehensively capture the dif-
ferent dimensions specifi c to nicotine dependence. Shiff man and colleagues (Shiff -
man, Waters & Hickcox 2004) developed and published a new multidimensional 
measure specifi cally targeted for nicotine dependence, the Nicotine Dependence 
Syndrome Scale (NDSS) (Shiff man, Waters & Hickcox 2004). Th e NDSS ques-
tionnaire items were generated based on the concepts of the alcohol dependence 
syndrome presented by Edwards and Gross (Edwards, Gross 1976), but applied 
to cigarette smoking. Th e NDSS assesses fi ve separate aspects of nicotine depend-
ence, i.e. drive, priority, tolerance, continuity and stereotypy, also providing a total 
item score of nicotine dependence (Shiff man, Waters & Hickcox 2004). Shiff man 
found that 19 items formed a concise scale with fi ve subscales. Fourteen items out 
of these 19 were selected as the best overall predictors of nicotine dependence. 
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Further, Shiff man provided scoring weights to enable computation of the NDSS 
T-score, a global measure of nicotine dependence (Shiff man, Waters & Hickcox 
2004) (Table 4). 

Shiff man’s fi rst study (Shiff man, Waters & Hickcox 2004) of the NDSS described 
fi ve subscales among adult heavy smokers recruited from a smoking cessation clin-
ic (n=317) (Shiff man, Waters & Hickcox 2004). Four subscales were found among 
a sample of adolescent cigarette smokers recruited from the community and from 
alcohol use disorder and hospital psychiatric treatment programmes (n=301) 
(Clark et al. 2005). In a study of young adult light (n=123, fi ve or fewer cigarettes 
per day) and heavy smokers (n=130, more than 20 cigarettes per day), Shiff man 
and Sayette (2005) determined that each of the fi ve factors derived in the original 
study  (Shiff man, Waters & Hickcox 2004) clearly discriminated the groups. Th ese 
three studies to date suggest that the composition and smoking behaviour of the 
study samples may aff ect the factor structure of NDSS. Th e factor structure and 
functioning of the NDSS have not earlier been tested outside the United States. Th e 
recent study of Rubinstein et al. (2007) used a modifi ed NDSS with other scales 
to examine the levels of cotinine, a metabolite of nicotine, in adolescent smokers. 
Costello et al. (2007) applied this scale among a fi rst-year college sample of light 
smokers.

Table 4. Th e fi ve dimensions of the NDSS based on 24 to 31 statements (Shiff man, Waters & Hickcox 
2004).

Drive: Urge to smoke
Priority: Smoking valued over other competing reinforcers
Continuity: Smoking continuously with little interruption
Stereotypy: Fixed pattern of smoking
Tolerance: Increased number of cigarettes compared with when one started

Other nicotine dependence scales 

Other nicotine dependence measurements include the CDS-12, a new cigarette 
dependence scale (Etter, Le Houezec & Perneger 2003), the Hooked on Nicotine 
Checklist (HONC) (DiFranza et al. 2002), the Wisconsin Inventory of Smoking 
Dependence Syndrome (WISDM), which is designed to assess the 13 diff erent the-
oretically derived motivational domains (Piper et al. 2004), the Russell Smoking 
Motivations Questionnaire (RSMQ) (Russell, Peto & Patel 1974) and the Tiff any 
Questionnaire for Smoking Urges (TQSU) (Tiff any, Drobes 1991). Th ese measures 
are less frequently used than FTND.
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2.3 Relative roles of genetic and environmental factors 
in smoking behaviour and nicotine dependence

Many diseases and related behaviours aggregate in families, i.e. family members 
resemble each other more than expected. Aggregation of diseases and behaviours 
in families can be due to environmental factors shared by family members as well 
as to shared genes. Genetic epidemiology aims to investigate the role of familial 
aggregation and genetic factors in human disease and such related risk factors as 
smoking. 

Th e fi rst twin studies of smoking were reported in the late 1950s and 1960s as part 
of a debate on the causal role of smoking in lung cancer. Th ese studies reviewed by 
Kaprio (1984) demonstrated that concordance for smoking was higher in monozy-
gotic (MZ) than dizygotic (DZ) pairs, but these early studies did not provide quan-
titative estimates of heritability. Early twin studies on pairs reared apart supported 
the general conclusion of some genetic eff ects (Faber 1981, Kaprio, Koskenvuo & 
Langinvainio 1984, Shields 1962). Since then, quantitative genetic analyses have 
developed considerably (Boomsma, Busjahn & Peltonen 2002, Neale et al. 2003, 
Posthuma et al. 2003) and permitted more accurate estimates of the contribution 
of genetic factors.

Smoking behaviour and nicotine dependence can be examined in family studies, 
particularly twin and adoption studies (Boomsma, Busjahn & Peltonen 2002, Post-
huma et al. 2003). Results have revealed that MZ pairs are more similar than DZ 
pairs with respect to the trait being evaluated. Further evidence for genetic factors 
can come from including information on other relatives, such as siblings. Th e next 
step is characterizing genetic trait localization by linkage using genome-wide scans 
in families or genome-wide association in cases and controls. In addition, asso-
ciation analyses permit the identifi cation of specifi c genes responsible for genetic 
variation within the phenotype investigated. Heritability can be defi ned as the part 
of phenotypic variation explained by genetic diff erences in a specifi c population 
(Th omas 2004). 

2.3.1 Genetics of smoking behaviour

A considerable number of twin studies have provided evidence for the heritability 
of cigarette smoking and nicotine dependence (Lerman, Berrettini 2003, Li et al. 
2003a). Earlier family and adoption studies support the fi nding of a genetic infl u-
ence on smoking behaviour between biological siblings (Goode et al. 2003, Osler 
et al. 2001), but not between children and adoptive or biological parents (Osler et 
al. 2001). Finding genes that contribute to smoking behaviour and nicotine de-
pendence has proven to be as challenging as one would expect for a complex trait 
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infl uenced by multiple genes and environmental factors as well as by their inter-
actions. Th e genetic architecture of many features of smoking behaviour as sin-
gle phenotypes is fairly well characterized based on twin and family studies (Li et 
al. 2003a). However, most of these studies have examined smoking initiation and 
smoking cessation, while quantitative genetic studies on other smoking behaviour 
phenotypes and interrelations between traits are less abundant.

Th e estimates of heritability of diff erent components of smoking behaviour vary 
substantially. Gynther et al. (1999) suggest one explanation for the inconsistent 
results, speculating that genetic infl uences may promote a general disposition to 
smoke, while environmental experiences may lead to specifi c patterns of behav-
iour. Koopmans et al. (1999) propose that diff erent genetic and environmental fac-
tors infl uence diff erent smoking behaviour phenotypes. Smoking shows substan-
tial familial aggregation, partly to genetic similarity of family members and partly 
due to social learning and other shared environmental factors. 

2.3.2 Smoking initiation

Earlier studies (Table 5) have revealed a considerable genetic contribution to risk 
of smoking initiation. Th e heritability estimates in these studies vary signifi cantly, 
the range being from 0.32 to 0.78 (Edwards, Austin & Jarvik 1995, Hamilton et 
al. 2006, Hardie, Moss & Lynch 2006, Heath et al. 1993, Heath et al. 1999, Heath, 
Madden & Martin 1998, Kendler et al. 1999, Madden et al. 2004, Maes et al. 2004, 
True et al. 1997, Vink et al. 2004). Th is variation is not surprising given that the 
role of genetic factors probably varies with time and place of investigation, as well 
as between the various populations studied (Kendler et al. 1999). A meta-analysis 
by Li et al. (2003a) showed that on average heritability of smoking initiation ap-
pears to be higher in women (55%) than in men (37%). Th is notion is supported 
by the studies of Madden (Madden et al. 1999) and Heath (Heath et al. 2002). 
However, most of these studies have examined becoming a smoker as a phenotype, 
whereas only a few have investigated age at initiation (Hardie, Moss & Lynch 2006, 
Heath et al. 1999, Morley et al. 2007, Vink et al. 2006) . 
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2.3.3 Smoking cessation

Another well-studied phenotype of smoking behaviour is smoking cessation ver-
sus persistence among regular smokers. In earlier studies (Table 6), heritability 
estimates of smoking cessation have varied markedly, from 0.11 to 0.86 (Hamilton 
et al. 2006, Heath et al. 1999, Heath et al. 2002, Heath, Madden & Martin 1998, 
Kaprio, Koskenvuo & Sarna 1981, Kendler, Th ornton & Pedersen 2000, Madden et 
al. 1999, Morley et al. 2007, True et al. 1997, Xian et al. 2003). However, not all of 
these studies include both men and women from the same population. Some of the 
studies including men and women suggest that the genetic infl uences on smoking 
cessation are higher among men than among women (Li et al. 2003a, Madden et 
al. 2004, Maes et al. 2004, Morley et al. 2007). 

2.3.4 Number of cigarettes

Th e number of cigarettes has been investigated both as a trait in itself and as a 
proxy measure for nicotine dependence. Analyses of the number of cigarettes 
smoked per day (CPD) (Table 7) have been performed mostly among men, and 
the heritability for CPD has been suggested to be relatively high (40-56%) (Car-
melli et al. 1990, Morley et al. 2007, Swan et al. 1990, Swan, Carmelli & Cardon 
1996, Swan, Carmelli & Cardon 1997). CPD has been examined in three ways, 
i.e. the highest number of CPD ever smoked (Carmelli et al. 1990, Swan et al. 
1990, Swan, Carmelli & Cardon 1996), the dichotomy of light versus heavy smok-
ers (Swan, Carmelli & Cardon 1997) and CPD as a categorical variable (Haberstick 
et al. 2007, Vink et al. 2004). 

2.3.5 Nicotine dependence 

Twin and family studies among adults have suggested a high heritability (56-75%) 
for nicotine dependence (Kendler et al. 1999, Lessov et al. 2004, Li 2006, Maes 
et al. 2004, True et al. 1999, Vink et al. 2004). Genetic infl uences on nicotine de-
pendence (Table 8) are documented in many twin studies using DSM-IV crite-
ria, DSM-III-R criteria (American Psychiatric Association 1994) or Fagerström’s 
self-reported questionnaire measures (FTQ and FTND). In studies on nicotine 
dependence measured by the DSM-III-R, the heritability estimate in American 
boys and girls was 0.44 (McGue, Elkins & Iacono 2000) and among American 
male veterans 0.60 (True et al. 1999). Using the DSM-IV nicotine dependence di-
agnosis in a population of Australian men and women, heritability was estimated 
to be 0.56 (Lessov et al. 2004). Using the FTQ, one heritability estimate was 0.62 in 
American men and women (Maes et al. 2004) and another 0.72 in a separate sam-
ple of American women (Kendler et al. 1999). In a study conducted among Dutch 
men and women, heritability measured by FTND was estimated to be 0.75 (Vink, 
Willemsen & Boomsma 2005). 
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While heritability of smoking initiation can be assessed among all persons in the 
population, the heritability of dependence can only be assessed among persons 
who have ever smoked. Th is approach has been applied in some studies (Kendler et 
al. 1999, Lessov et al. 2004, Maes et al. 2004, Vink, Willemsen & Boomsma 2005). 
Analysing the heritability of nicotine dependence among twin pairs in which both 
twins are smokers ignores the possibility that a never-smoker may have developed 
nicotine dependence simply by being exposed to tobacco. To overcome this limi-
tation, genetic two-stage modelling has been developed, permitting inclusion of 
information on never-smokers into the analysis (Heath et al. 2002, Morley et al. 
2007). Th ese models also assess the degree to which genetic infl uences on smoking 
initiation overlap those on nicotine dependence.  

Table 8. Studies on heritability of nicotine dependence among adults. 

Author Year Country Sex
MZ 

pairs
DZ 

pairs
Measurement h2

Ever-/never-
smokers

True  et al. 1999 US M 1864 1492 DSM-IIIR 0.60 Ever
Kendler 
et al. 1999 US W 497 354 FTQ 0.60 or 

0.72 Ever + never

Lessov et al. 2004 AUS MW 977 1316 DSM-IV 0.56 Ever + never
Maes  et al. 2004 US MW 3763 3042 FTQ 0.62 Ever + never
Vink et al. 2005 NL MW 1606 2051 FTND 0.75 Ever + never
Haberstick 
et al. 2007 US MW 586 492 FTND/HSI 0.52 / 

0.61 Ever

1305 full sibs, 
384 half sibs

h2=additive genetic variation

In summary, earlier quantitative genetic studies on smoking phenotypes (initia-
tion, amount of smoking, cessation) show that both genetic and environmental 
factors have a signifi cant role in smoking behaviour. Heritability estimates of 
smoking initiation vary from 0.32 to 0.78. Heritability of smoking cessation varys 
even more (0.11-0.86), whereas heritability for number of cigarettes is rather stable 
(0.40-0.56). Heritability estimates for initiation seem to be higher among women, 
and those for cessation higher among men.  Previous genetic studies on nicotine 
dependence have shown fairly high heritability estimates, varying, depending on 
diff erent measurements, from 0.56 to 0.75  (Haberstick et al. 2007, Kendler et al. 
1999, Lessov et al. 2004, Maes et al. 2004, True et al. 1999, Vink, Willemsen & 
Boomsma 2005). Studies on smoking behaviour have mostly been done among 
Caucasian populations, and in some studies the investigators have used the same 
data in diff erent combinations. Most data have been carefully collected, but the de-
gree to which the samples represent the population varies. Nevertheless, the herit-
ability range is about the same in diff erent studies.
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2.4 Specifi c genetic factors of smoking behaviour 
and nicotine dependence 

Results of genome-wide, association and candidate gene studies have varied mark-
edly, partly because of heritability changes over time and space and also because 
of the lack of attention directed to smoking and smoking-related habits or pheno-
types. A concern is that the phenotypic measuring of smoking behaviour varies 
greatly and is not always comparable between studies measuring the same behav-
iour. Earlier, smoking has mostly been examined as a spin-off  of data in which 
other phenotypes have been the primary target (Ho, Tyndale 2007). In these stud-
ies, the phenotypes mainly used have been smoking status and CPD and lately 
also some nicotine dependence measures. In most analyses, the data consist of 
Caucasian populations. Nicotine dependence is a complex disease that likely is 
infl uenced by multiple genes, with each gene having only a small eff ect.

2.4.1 Genome-wide linkage studies

Ascertainment criteria as well as study samples have been diverse, and not surpris-
ingly, only a few genome-wide linkage fi ndings are consistent across studies. De-
pending on the study population and the phenotype criteria used, some evidence 
for linkage (LOD/Z scores ≥2) of smoking behaviour and nicotine dependence 
has been reported in 14 chromosomes (Table 9). Measurement tools for nicotine 
dependence are FTQ, FTND and HSI, and sometimes also the greatest number of 
cigarettes smoked in a 24-h period (Saccone et al. 2007b). For nicotine depend-
ence, there are eight encouraging fi ndings with LOD scores of  two or higher: 
chromosome 2 (Straub et al. 1999, Sullivan et al. 2004), chromosome 5 (Gelernter 
et al. 2007), chromosome 6 (Swan et al. 2006), chromosome 7 (Gelernter et al. 
2007, Swan et al. 2006), chromosome 8 (Swan et al. 2006), chromosome 10 (Li et 
al. 2006, Straub et al. 1999, Sullivan et al. 2004), chromosome 11 (Li et al. 2006, 
Straub et al. 1999, Sullivan et al. 2004) and chromosome 17 (Lou et al. 2007). In 
most studies, the number of families is moderate or reasonably large (Gelernter 
et al. 2007, Li et al. 2006). Th us far, linkage studies on nicotine dependence and 
smoking behaviour have mostly been conducted in USA (Table 9). 
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Table 9. Earlier linkage studies on nicotine dependence and smoking behaviour with LOD 
score ≥2 or the corresponding p-value. 

Chro-
mo-

some
Phenotype LOD ≥2 /

p-value Author and year Country Number of families 
and individuals

1 CPD 0.0001 Wang et al. 2005 US 430 families, 2119 individuals 
Ever vs. never smoking 0.0006 Bergen et al. 1999 US 105 families, 652 individuals 

2 FTQ 2.61 Straub et al. 1999 New 
Zealand 130 families, 343 individuals

FTQ 2.53 Sullivan et al. 2004 New 
Zealand 129 families

Habitual smoking and 
alcohol dependence 3.3 Bierut et al. 2004 US 76 families, 154 individuals 

Ever vs. never smoking <0.0001 Bergen et al. 1999 US 105 families, 652 individuals 
4 CPD 2.17 Duggirala et al. 1999 US 105 COGA families, 973 individuals

CPD 0.002 Wang et al. 2005 US 430 families, 2119 individuals 

5 CPD 3.20 Duggirala et al. 1999 US 105 COGA families, 
973 individuals

FTND 3.04 Gelernter et al. 2007 US 634 small nuclear families

Age at fi rst cigarette 2.09 Vink et al. 2006 NL 175 families, 422 DZ twins and 
siblings

6 Smoking initiation 3.05 Vink et al. 2004 NL 192 families, 536 DZ twins
FTND 2.70 Swan et al. 2006 US 158 nuclear families, 607 individuals 
Cigarette consumption 0.00253 Morley et al. 2006 AUS 6257 families, 17696 individuals
Any regular use 2.0 Ehlers et al. 2006 US 100 families, 243 individuals
Ever vs. never smoking 0.0001 Bergen et al. 1999 US 105 families, 652 individuals

7 FTND 2.70 Swan et al. 2006 US 158 nuclear families, 
607 individuals 

FTND 2.73 Gelernter et al. 2007 US 634 small nuclear families

8 FTND 2.7 Swan et al. 2006 US 158 nuclear families, 
607 individuals 

Any regular use 2.0 Ehlers et al. 2006 US 100 families, 243 individuals 

9 Habitual 
smoking 2.02 Bierut et al.  2004 US 76 families, 154 individuals

Habitual smoking 3.01 Gelernter et al. 2004 US 12 families, 142 individuals
Ever vs. never smoking 0.0001 Bergen et al. 1999 US 105 families, 652 individuals 

10 CPD 2.29 Vink et al. 2004 NL 192 families, 536 DZ twins
HSI (SQ) 4.17 Li et al. 2006 US (AA) 402 nuclear families, 1261 individuals

FTQ 2.43 Straub et al. 1999 New 
Zealand 130 families, 343 individuals

FTQ 2.02 Sullivan et al. 2004 New 
Zealand 129 families

11 Habitual smoking 3.43 Gelernter  et al. 2004 US 12 families, 142 individuals

FTND (SQ) 2.31 Li et al. 2006 US (AA) 402 nuclear families, 1261 individuals
HSI 2.15 Li et al. 2006 US (AA) 402 nuclear families, 1261 individuals

CPD 0.000018 Li et al. 2003b US 313 families, 389 sib pairs
Cigarette consumption 0.00023 Morley et al. 2006 AUS 6257 families, 17696 individuals

14 Age at fi rst cigarette 2.30 Vink et al. 2006 NL 175 families, 422 DZ twins and 
siblings

Ever vs. never smok-
ing < 0.0001 Bergen et al. 1999 US 105 families, 652 individuals 

17 CPD 2.88 Duggirala et al. 1999 US 105 COGA families, 973 individuals
Ever vs. never smoking 0.0001 Bergen et al. 1999 US 105 families, 652 individuals 
CPD 0.006 Lou et al. 2007 US (EA) 200 families, 671 individuals 
FTND 0.009 Lou et al. 2007 US (EA) 200 families, 671 individuals 

21 Ever vs. never smoking 0.0001 Bergen et al. 1999 US 105 families, 652 individuals

22 Maximum cigarettes 
per 24 h 5.98 Saccone et al.  2007b FIN 

AUS
Combined 289 and 155  nuclear mul-
tiplex families

Age at fi rst cigarette 2.50 Vink et al. 2006 NL 175 families, 422 DZ twins and 
siblings

AA=African-American sample
EA=European-American sample
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2.4.2 Genome-wide association studies

Th e fi rst genome-wide association study of nicotine dependence (Bierut et al. 2007) 
confi rms that the 6q24-25 region is a predisposing locus, containing the following 
potentially important genes: GPSM3, AGPAT1, NOTCH4, RNF5, AGER and PBX2. 
Other novel genes, such as neurexin 1 (NRXN1), were also identifi ed as potential 
contributors to the development of nicotine dependence (Bierut et al. 2007). A 
second genome-wide association also reported many potential new genes of inter-
est, but these fi ndings require confi rmation and replication (Uhl et al. 2007). A 
genome-wide study of smoking cessation showed at most a modest overlap with 
genes from the two above-mentioned studies (Uhl et al. in press).

2.4.3 Candidate gene studies

Ho and Tyndale (2007) have in a recent review discussed the role of candidate 
genes in diff erent systems: cholinergic receptor system (nAChRs), dopaminergic 
system (DRD1-5 genes), nicotine metabolism (Cytochrome P450 2A6) and serot-
onin system (5-HTTLPR). Th e meta-analysis of Munafò et al. (2004) of 41 stud-
ies indicates that the DRD2 Taq1A polymorphism has some impact on smoking 
initiation, the 5HTT LPR and CYP2A6 polymorphisms on smoking cessation and 
the DRD2 Taq1A and CYP2A6 polymorphisms on cigarette consumption (Mu-
nafò et al. 2004).  However, evidence for an eff ect of specifi c genes is quite modest. 
Substantial between-study heterogeneity was apparent in most cases, with the ex-
ception of the eff ects of the 5HTT and CYP2A6 genes on smoking cessation. Evi-
dence for the contribution of specifi c genes to smoking behaviour is scant (Munafò 
et al. 2004). Recently, Saccone et al. (2007a) found a strong association between 
the maximum number of daily cigarettes ever smoked and variants in CHRNB3, 
CHRNA5, KCNJ6 and GABRA4 genes.

2.5 Specifi c socio-environmental risk factors of 
smoking cessation 

Although genetic infl uences have an increasingly important role when proceeding 
from smoking initiation towards nicotine dependence, environmental factors also 
play a substantial role in smoking behaviour, such as in smoking cessation. For 
example, a large multinational longitudinal twin study, including data from Aus-
tralia, Finland and Sweden, showed that both genetic and environmental factors 
are involved in smoking cessation (Madden et al. 1999). Th us, diff erences in social 
and familial background are likely to contribute to quitting smoking. 
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Previous studies on social environmental diff erences in smoking cessation have 
shown clear evidence of widening education inequalities (Giskes et al. 2005). Most 
studies are cross-sectional, thus not allowing causal explanations to be drawn. 
Fernandez et al. (2001) found in a cross-sectional study in Catalonia that quitting 
smoking was more likely among men and women with a higher education. Ac-
cording to a Swedish cross-sectional study (Lindström et al. 2000), married upper 
white-collar employees were more likely to stop smoking than non-married un-
skilled manual workers. A cross-sectional German study (Helmert, Shea & Bam-
mann 1999) reported that married and highly educated men and women were 
more likely to stop smoking than their non-married, lowly educated peers. Educa-
tion and marital status were associated with smoking cessation also in an Ameri-
can cross-sectional study (Khuder, Dayal & Mutgi 1999). A Finnish prospective 
study (Kaprio, Koskenvuo 1988) noted that young women and men who had quit 
smoking over a six-year follow-up were better educated than those who continued 
to smoke. In the same study, middle-aged men who had quit were more oft en mar-
ried than those who continued smoking (Kaprio, Koskenvuo 1988).  In a Danish 
longitudinal study, the likelihood of smoking cessation increased with the level of 
education in women, but not in men (Osler et al. 1999). A recent Finnish study 
(Kestilä et al. 2006) showed that young adults in the lowest educational category 
had a much greater risk of smoking than those in the highest category. A similar 
fi nding was reported in a Finnish study among municipal employees (Laaksonen 
et al. 2005), with socio-economic factors being strongly associated with smoking 
among both men and women. 

Furthermore, a longitudinal investigation (Lindström, Isacsson & Malmo Shoul-
der-Neck Study 2002) and other studies (Jarvis 1997, Khuder, Dayal & Mutgi 1999, 
Sorensen et al. 2002) have shown that social support facilitates smoking cessa-
tion, although some contrary evidence has also been tendered  (Chandola, Head 
& Bartley 2004, Park et al. 2004). Mass media and interpersonal health communi-
cation have a strong infl uence on smoking cessation (Korhonen et al. 1998), and 
tobacco policy has been demonstrated to reduce smoking prevalence (Helakorpi 
et al. 2007).

Few studies on nicotine dependence and education exist since this phenotype has 
rarely been investigated in epidemiological settings. Nicotine-dependent women 
have been shown to have a lower level of education (Kendler et al. 1999). Th e re-
cent results of Jarvis (Jarvis, Wardle 2005) from the United Kingdom suggest that 
there is a marked gradient in nicotine intake by socio-economic position. Smok-
ers in the most disadvantaged category take in on average about one-third more 
nicotine (Jarvis, Wardle 2005).
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2.6 Summary of current evidence  

Earlier evidence implies that genetic infl uences become more important in pro-
gression from initiation to persistent smoking and nicotine dependence. However, 
considerable variation exists between individual investigations and various pheno-
types. Some studies have suggested that there is a genetic contribution to variation 
in smoking behaviour, but other studies have found little evidence of a genetic ef-
fect. Heritability estimates for initiation are higher among women, whereas herit-
ability estimates for cessation are higher among men.  Studies show an even higher 
heritability for nicotine dependence. Although several genome-wide scans have 
been conducted (Bierut 2007), we do not yet have an unambiguous explanation 
for the genetic background of smoking behaviour and nicotine dependence. An 
additional important infl uence on smoking behaviour and nicotine dependence 
comes from environmental factors, such as education, marital status and family 
environment in adulthood. 

Currently, there are no heritability estimates of nicotine dependence in the Finnish 
population. Th e genetics of nicotine dependence is a fairly new research area, and 
we need to understand more about genetic and environmental factors infl uenc-
ing the trait of nicotine dependence and related behaviours. Furthermore, we lack 
studies on nicotine dependence in Finland except for some reported prevalences 
(Helakorpi et al. 2007). For example, no population-based estimates of DSM-IV-
defi ned nicotine dependence are available from Finland.

We lack quantitative genetic studies of nicotine dependence and smoking behav-
iour with stable measurements and with many phenotypes simultaneously so that 
we could determine any genetic correlations. Advanced quantitative genetic mod-
elling has been used, for instance, in the papers of Heath and Morley (Heath et al. 
2002, Morley et al. 2007), indicating that phenotypes and their genetics are very 
complex issues. One major concern is an unsatisfactory phenotypic defi nition of 
nicotine dependence and its heterogeneity in diff erent studies. Th us, comparing 
diff erent phenotypic measurements of nicotine dependence warrants further in-
vestigations. In addition, studies focusing on nicotine dependence and smoking 
behaviour are needed so that these phenotypes can be measured precisely with 
carefully validated measurements.
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3. Aims of the study

Th is twin-family study focused on genetic and environmental factors related to 
nicotine dependence and smoking behaviour in Finnish adults. 

Specifi c aims of the study were as follows:

1.  To quantify the relative roles of genetic and environmental factors in smok-
ing behaviour and nicotine dependence. 

2.  To identify chromosomal regions harbouring genes that infl uence smoking 
behaviour and nicotine dependence. 

3.  To validate and develop a novel measurement for assessing nicotine depen-
dence. 

4.  To examine the role of social environmental factors in smoking cessation. 
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4. Materials and methods

4.1 Data sets

Data sets of this study comprise the Older Finnish Twin Cohort and the Family 
Study of Genetics of Vulnerability to Nicotine Addiction. Th e latter is based on the 
Older Finnish Twin Cohort, with a new data collection focusing on smoking twin 
pairs and their family members. Th e Older Finnish Twin Cohort was surveyed by 
mail in 1975, 1981, 1990 and 1996-1997. Family Study of Genetics of Vulnerability 
to Nicotine Addiction is based on data collected during 2001-2006, including in-
tensive telephone interviewing, blood samples and a posted questionnaire (Figure 
1 and Table 10). 

Th e Older Finnish Twin Cohort

Th e Older Finnish Twin Cohort was established to examine the genetic, environ-
mental and psychosocial determinants of chronic diseases and health behaviours 
(Kaprio, Koskenvuo 2002). Th is study commenced in 1974 and included same-
sex twin pairs born before 1958 with both members alive in 1967. Th e fi rst ques-
tionnaire was distributed in 1975. Th e second questionnaire was sent in 1981 to 
all cohort twins still alive. Th e response rate was 84%. Th e third questionnaire in 
1990 was mailed to pairs born in 1930-1957, with both co-twins resident in Fin-
land in 1987, if they had replied to the questionnaire in 1975 or 1981. Because the 
1990 survey was restricted to subjects born between 1930 and 1957, who were thus 
33-60 years old, the analysis in Study IV was based on this part of the cohort. A 
total of 16 179 twin individuals were contacted, and the response rate for the 1990 
survey was 77% (n=12 502). In a longitudinal substudy, we used data from subjects 
with responses to the 1981 and 1990 questionnaires, and in a quantitative genetics 
study of smoking behaviour, data collected in 1981 were used. 

Family Study of Genetics of Vulnerability to Nicotine Addiction

Twin pairs of the Older Finnish Twin Cohort concordant for cigarette smoking 
were selected, and another data set was formed by these twin pairs. Th is study was 
termed the “Family Study of Genetics of Vulnerability to Nicotine Addiction”. Twin 
pairs in which at least one twin smoked 10 or more cigarettes daily in at least one 
survey were identifi ed based on earlier questionnaires in 1975, 1981 and 1990 (for 
same-sex pairs) and in 1996-1997 (for opposite-sex pairs) from the Older Finnish 
Twin Cohort study (Kaprio, Koskenvuo 2002). Siblings and parents of the adult 
twins were also recruited. Data collection included a telephone interview, blood 
samples and questionnaires. At the time of the analysis, there were 1385 current 
(47%) or former cigarette smokers. We carried out analyses on 1370 ever-smokers 
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who were interviewed and responded to questions on nicotine dependence scales 
(NDSS, FTND and DSM-IV). Sixty nine percent (n=942) of these individuals were 
twins and the rest were siblings and parents of the twins coming from 601 families. 
For the genome-wide scan, 529 individuals from 158 informative families with 
interview data and blood samples were used from the initial part of the data col-
lection.

  
 

  

  

 

 

Family Study of Cigarette
Smoking – Vulnerability to

Nicotine Addiction

1975 Baseline
Same-sex pairs
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Health Questionnaires

1981 Follow-up
Substudy IV
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II
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Figure 1. Illustration of data sets and substudies. 
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Table 10. Data and methods used in substudies. 

Study I Study II Study III Study IV

Focus of 
substudies

Genetics of smoking 
behaviour: initiation, 
cigarettes per day, 
cessation

NDSS functioning in 
Finnish data and heri-
tability of nicotine 
dependence

Linkage study of 
Smoking and nicotine 
dependence

SEP diff erences in 
smoking behaviour: 
initiation, cigarettes 
per day, cessation

Data

1981 Older Finnish 
Twin Cohort

Collected 1981

n=2923 MZ and 
n=6018 DZ twin pairs

Family Study of 
Cigarette Smoking

Collected  2001-2005

N=1370 smokers

Family Study of 
Cigarette Smoking

Collected  2002-2004

n=529 individuals 
and n=158 families 

1981 and 1990 Older 
Finnish Twin Cohort

Collected 1981 and 
1990 

N=3069 smokers at 
baseline

Age and 
Sex of partici-
pants

Range 23-88 years
Mean age 40 years
Men 64%

Range 30-92 years 
Mean age 55 years
Men 63%

Range 31-92 years
Mean age 58 years
Men 51%

Range 24-51 years 
(1981)
Mean age 33 years 
(1981) Men 58%

Method Genetic two-stage 
modelling

Factor analysis and 
univariate genetic 
modelling

Linkage
Logistic and condi-
tional logistic regres-
sion analyses

4.2 Study variables 

Smoking behaviours

Current cigarette smokers (Studies I and IV) were classifi ed as those who had 
smoked at least 5-10 packs of cigarettes over their lifetime and who were smoking 
daily or almost daily at the time of the study. Th e question:  “Have you smoked at 
least 5-10 packs of cigarettes in your lifetime?”. Th ose responding positively were 
asked: “Do you smoke or have you smoked cigarettes regularly, say daily or almost 
daily, during your lifetime?” was asked. Current smokers were distinguished from 
former smokers on the basis of whether they were smoking at the time of the sur-
vey as follows: “Are you still smoking cigarettes regularly?” (Yes/No). In Study I, the 
1981 data were used and a regular smoker’s phenotype was classifi ed for smoking 
cessation as a former smoker or a current smoker. Never- and occasional smokers 
were considered to have missing data for the smoking cessation item. In Studies II 
and III, the smoker phenotype was ascertained by whether one had smoked ≥100 
cigarettes (CDC. MMWR 2005) over the lifetime by asking “How many cigarettes 
have you smoked in your entire life?”.

Smokers were asked a question about the amount of smoking in the Older Finn-
ish Twin Cohort questionnaire as follows: ”How many cigarettes do you smoke 
daily on average?” Th e response alternatives were none, less than 5, 5-9, 10-14, 
15-19, 20-24, 25-39 and more than 40. Th e same question was posed to current 
and former smokers separately (Study IV). In Study I, the 1981 data were used 
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and the regular smokers’ cigarettes per day phenotype was classifi ed into two cat-
egories as follows: less than 20 cigarettes, i.e. less than one pack, and 20 cigarettes 
or more, i.e. one pack or more. Th e cigarettes smoked per day phenotype (Study 
II) was defi ned in a family study by asking “How many cigarettes do you usually 
smoke a day?”, and for those who were former smokers the following question was 
asked: “Just before you decided to stop altogether, how many cigarettes did you 
usually smoke a day?” Answers to both questions were categorized as 1-2, 3-5, 
6-10, 11-15, 16-19, 20-25, 26-39 and 40 or more. Categorization is a bit diff erent in 
Study II than in Study IV.

Heavy smoking was defi ned as smoking ≥20 cigarettes per day during the heaviest 
period of smoking or smoking ≥40 cigarettes in a single day by asking “During the 
period in your life when you smoked the most, how many cigarettes did you typi-
cally smoke a day” and “What is the largest number of cigarettes that you have ever 
smoked during a 24-h period?”

In Study IV (questionnaires in 1981 and 1990), the age at smoking initiation was 
determined by asking: “How old were you when you started to smoke regularly?” 
Responses to age at initiation in the 1981 questionnaire were used as a continu-
ous variable, but also categorized as 9-16, 17-20, 21-24, 25-28 and 29-47 years. 
Age at initiation phenotype (Study I) was classifi ed as early starter if subjects re-
ported starting to smoke regularly when they were 18 years old or younger, and as 
late starter if subjects reported starting to smoke regularly when they were older 
than 18 years. Never-smokers and occasional smokers (i.e. not smoking daily) 
were placed in the category of no initiation. Th us, the age at initiation variable had 
three categories. Occasional smokers were a small group, and in most analyses this 
group has been dropped due to its size and heterogeneity. 

Information on the tar, carbon monoxide and nicotine content of currently smoked 
cigarettes was asked in 1981 (Study IV). Only nicotine content was used. Th e nico-
tine content was elicited by asking: “What is the nicotine content of the cigarettes 
you usually smoke?” Th e respondents were asked to check the nicotine content 
on their tobacco pack, which includes this information according to Finnish law. 
Nicotine content was classifi ed as 0.5 mg per cigarette or less, 0.6-0.8 mg, 0.9-1.1 
mg and 1.2 mg or more. 

All of the phenotypes used in Study III are based on interview data and in Study II 
on the interview and questionnaire.

Nicotine dependence

As nicotine dependence only develops aft er exposure, its measures only aff ected 
the smoker phenotype. Nicotine dependence variables were collected both by tel-
ephone interview (Studies II and III) and by questionnaire (Study II). In the tel-
ephone interview, a structured interview, including the FTND and assessment of 
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DSM-IV criteria, was used. Th e FTND was used as a continuous variable ranging 
from 0 to 10 points (Study II), and as a dichotomous phenotype with a cut-off  of  
≥4 points out of 10  (Study III). DSM-IV nicotine dependence was defi ned as ≥3 
symptoms out of 7 occurring within a year (13 questions in 7 symptom clusters). 
Th e DSM-IV criteria were used as a dichotomous phenotype (Studies II and III), 
dependent or not dependent, and in some analyses the number of symptoms (0-7 
symptoms) was used as a classifi ed variable (Study II). In Study III, the HSI was 
defi ned as ≥4 points out of 6 by the main nicotine dependence questions of the 
FTND ‘How soon aft er you wake up do you smoke your fi rst cigarette?’, and ‘How 
many cigarettes per day do you smoke?’ Detailed descriptions of these measure-
ments are provided in Section 2.2.3. Th e 31-item NDSS questionnaire (Study II) 
was used as well as its three subscales (aft er explanatory factor analysis) and the 
sum score of the NDSS consisting of 14 items. Th e three subscales were (1) ‘Drive 
and priority’, i.e. having an urge to smoke and to keep away from uncomfortable 
symptoms and valuing smoking over other competing reinforcers, (2) ‘Continuity 
and stereotypy’, i.e. smoking with little interruption and with fi xed pattern and  (3) 
‘Tolerance’, i.e. smoking an increasing amount of cigarettes per day compared with 
when one started to smoke. 

Socio-economic position and marital status 

Two indicators of socio-economic position were used: educational attainment and 
occupational social class (Study IV). Marital status was also included. Education 
was classifi ed as less than primary school (a maximum of 3 years of education), 
primary school (4-6 years), junior high school (7-9 years), senior high school 
(10-12 years) or university degree (13-16 years), and as at least one year in addition 
to primary school (7 years), junior high school (10 years) or senior high school (13 
years). Th e number of years of education was used as a continuous variable in the 
modelling. Educational level of the Finnish population has greatly increased since 
World War II, so the older twin cohort represents a part of the population that is 
less educated than the average population at present.  

Social class was classifi ed into six groups based on occupation: upper white-collar 
employees, lower white-collar employees, skilled manual workers, unskilled man-
ual workers, farmers and those of unknown social class (e.g. persons who had not 
worked previously) (Study IV). Marital status asked in 1981 and 1990 was clas-
sifi ed as four classes of the transition variable.  One group was those who were 
unmarried in 1981 and 1990, the second group those who were unmarried in 1981 
but married by 1990, the third group those who were married in 1981 but unmar-
ried (divorced or widowed) by 1990 and the fourth group those who were married 
in both 1981 and 1990.
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Alcohol consumption

Alcohol consumption was included in the analyses of Study III. A regular drinker 
was defi ned as having consumed ≥1 alcoholic beverage at least once a week. Th e 
question in the interview was “Th ink about periods in your life lasting at least 12 
months when you were drinking the most. During these periods how oft en would 
you have at least 1 drink a day?” A binge drinker (i.e. heavy drinking occasions) 
(WHO 2004)  was defi ned as having drunk ≥5 alcoholic drinks at least three days 
per year, with the relevant question in the interview being “During a period of at 
least 12 months when you were drinking the most, how oft en did you consume ≥5 
alcoholic beverages in a day?”. DSM-IV alcohol dependence was defi ned as having 
≥3 out of 7 DSM-IV symptoms occurring within a year. Th ere were 17 questions 
in seven clusters measuring loss of control with regard to alcohol use. In Finland, 
binge drinking has proven to be a good predictor of mortality and morbidity from 
diff erent disorders, including dementia (Järvenpää et al. 2005), cardiovascular dis-
ease (Kauhanen et al. 1997) and depression (Manninen et al. 2006). Th is is why 
this trait was chosen to be implemented into a co-morbid phenotype. A co-morbid 
phenotype was defi ned by the fulfi lment of both the FTND (≥4 points) and the 
binge drinker (≥3 days per year) criteria. In Study III, all phenotypes were assessed 
as dichotomized (i.e. yes/no) variables.

4.3 Genotyping 

Participants of the Family Study received a mail package of three tubes and were 
asked to give a blood sample at their nearest health centre, occupational health 
care centre or private health clinic. Blood samples were mailed to the laboratory of 
the National Institute of Public Health in Helsinki for DNA extraction. All tubes 
had an anonymous code to link it to a database without personal identifi cation of 
names or birthdays.

Genome-wide scans (Study III) were performed at the Finnish Genome Centre, 
University of Helsinki, utilizing the ABI PRISM Linkage mapping (Set MD10, with 
380 microsatellite markers 363 autosomal markers), yielding an approximately 10 
cM resolution. Pre-database and database quality checks were performed. 

Th e genotype calls were made with the GeneticProfi ler1.5 (MegaBACE1000) and 
GeneMapper3.7 (ABI3730) soft ware. To minimize the number of allele calling er-
rors and acceptance of low-quality genotypes, allele calls were verifi ed by two in-
dependent reviewers. Genotypes that could not be reliably scored were excluded 
at this point, as were markers that consistently performed badly. Markers with 
contamination in the blank wells or with both CEPH reference samples failing 
were also excluded. Quality checks were performed at two stages: before and aft er 
entering the genotype data into the database. 
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4.4 Statistical methods

Descriptive statistics were calculated by using standard statistical methods such 
as cross-tabulating, means, correlations and corresponding signifi cance testing. 
More advanced methods are outlined in Table 10. 

Regression analysis

In Study IV, statistical analyses were conducted by fi tting linear and logistic 
regression models. Th e logistic regression models were fi tted with smoking status 
(former/current smoker) in 1990 as the dependent variable in a standard cohort 
analysis design as a predictor of smoking cessation. 

Both linear and logistic regression modelling were used to analyse how well NDSS 
subscales predicted FTND and DSM-IV nicotine dependence (Study II). In the 
analysis of linear and logistic regression, robust estimators of variance were com-
puted and the clustering option was used (Williams 2000) in Stata to control for a 
possible lack of independence of observations of subjects who came from the same 
family.  

Th e analyses were continued by studying twin pairs discordant in terms of smok-
ing cessation by using conditional logistic regression analysis (Study IV). Condi-
tional logistic regression was applied to evaluate related risk factors. Twins share 
the same home background, and MZ twin pairs also share the same genes. 

Factor analysis

Factor analysis was used to clarify how correlations of NDSS items between 31 
variables (31 statements) are clustered (Study II).  Th e statements (variables) with 
similar variability while simultaneously being independent are called factors of 
NDSS. Latent factors could be explained with NDSS items.

Exploratory factor analysis (EFA) can be used when there are no theoretical as-
sumptions, and confi rmatory factor analysis (CFA) when an earlier theoretical idea 
of how statements would cluster exists (Byrne 2001). A CFA based on the 5-factor 
solution was carried out to determine whether the 5-factor structure found by 
Shiff man et al.  (2004) would provide a good fi t to the data in this sample. An EFA 
was also carried out because 5-factor models did not fi t well using maximum like-
lihood to examine factor structure; EFA was the fi nal factor analysis. Both oblique 
and varimax (orthogonal) rotation was used, the latter to obtain uncorrelated fac-
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tors, as suggested by Shiff man et al. (2004). Th e internal consistency of the scale 
was computed by Cronbach’s alpha (Cronbach 1951)  (Study II). 

Quantitative genetic modelling

In Studies I and II, generalized linear modelling was used. In generalized linear 
modelling, there are two problems to solve: (1) values of the unknown parameter 
coeffi  cients must be established and (2) a measurement of the goodness of fi t to 
data of a single model is needed. Th e heritability of smoking behaviour (initiation, 
cessation and cigarettes per day) (Study I) and measured nicotine dependence 
(NDSS and FTND) (Study II) were analysed by using quantitative genetic methods 
based on linear structural modelling. Bivariate modelling with smoking initiation 
and cigarettes per day and also smoking initiation and cessation was used. In addi-
tion, a more advanced type of bivariate modelling was applied (Study I).

In twin data analyses, there are at least three assumptions that must be taken into 
account: (1) assortative mating, (2) no gene-environment interaction and no gene-
environment correlation and (3) equal environmental assumption. Th ese are dis-
cussed in more detail in the Discussion section.

In quantitative genetic studies, the phenotype (P) is considered to be determined 
by genetic and environmental factors. Th e mean of the phenotype can be expressed 
as a linear combination of genetic and environmental eff ects. However, it is pos-
sible to analyse the variance components of phenotype (VP). Th is variation can 
be expressed as a linear combination of genetic (VG) and environmental variation 
(VE). Th e genetic variation can be attributed to additive genetic variation (VA), 
which is the sum of the variation of individual alleles over all relevant gene loci, as 
well as to dominance variation (VD) due to interaction of allele eff ects at the same 
locus and to interactions of allele eff ects from diff erent loci, i.e. epistatic eff ects. 
Environmental variation can be divided into shared environmental variation (VC), 
which is common to certain observations (e.g. families), and unshared variation 
(VE), which is unique to each person. Measurement error of the phenotype is in-
cluded in unshared variation.

Twin modelling is based on the assumption that MZ twins are genetically identi-
cal, whereas DZ twins share on average 50% of their segregating genes. Th us, a 
greater similarity for MZ twins than for DZ twins gives support to the hypoth-
esis that genetic transmission is an important component, assuming that MZ and 
DZ twins share to the same extent their trait-relevant environmental experiences 
(Boomsma, Busjahn & Peltonen 2002). Th e correlations for shared environmental 
factors are one and for unique environmental factors 0 within both MZ and DZ 
twin pairs. Heritability refers to the total part of the phenotypic variance attribut-
able to genetic infl uences and comprises both additive eff ects of individual alleles 
at loci infl uencing a particular phenotype and non-additive eff ects, refl ecting in-
teractions between alleles at the same locus (dominance) or between alleles across 
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loci (epistasis). Th e proportions of trait variance were estimated and accounted for 
by additive genetic factors (A), by shared environmental factors (C) and by factors 
not shared (unique) by co-twins (E) in the ACE model. Th e ADE model, in turn, 
which includes the non-additive genetic component (D) is fi t only when the ratio 
of MZ to DZ correlation exceeds 2.0 (Plomin, Chipuer & Loehlin 1992). 

By using a maximum likelihood method, the goodness of fi t of each model can be 
estimated by using the χ2-value (scaled deviance) of the model. Th us, the possible 
combinations of latent parameters can be examined to determine which best fi ts 
the data. By comparing nested models, the statistical signifi cance of each param-
eter can be estimated. In addition, whether the parameter values of two models are 
similar can be determined by making these values the same and seeing whether 
the fi t of the model becomes poorer, indicating a diff erence in these parameters. 

Figure 2. An example of a simple bivariate model of smoking initiation and cigarettes per day (CPD).

Twin 1
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1.0 (0.5) 1.0 1.0 (0.5) 1.0
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r
a

r
c

r
e

r
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Figure 2 illustrates a simple bivariate model to assess genetic and environmental 
contributions to the correlation between age at smoking initiation and cigarettes 
smoked per day (CPD).

In Study I, the two-stage modelling approach (Heath et al. 2002) was used. Two-
stage modelling gives results of genetic and environmental variation and the corre-
lation between two variables when structural data are missing for one variable (age 
at initiation). Th is model permits inclusion of information about never-smokers in 
the analysis. Analyses were based on the Mx-scripts given by Heath et al. (2002). 
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Linkage analyses

Th e aim of linkage analysis is to reveal chromosomal loci harbouring genetic vari-
ants predisposing to a certain phenotype. Linkage analysis enables one to see the 
tendency for genes and other genetic markers to be inherited together with specifi c 
traits or diseases.

Non-parametric linkage methods are based on the allele-sharing of aff ected indi-
viduals within a pedigree, without the need for defi ning the mode of inheritance. 
Th is is advantageous when studying complex diseases, for which the mode of in-
heritance is typically unknown.

Parametric linkage analysis follows the co-segregation of two genetic factors, the 
marker and the trait, in pedigrees. Parametric linkage analysis requires specifi ca-
tion of the disease parameters, including marker and disease allele frequencies, 
penetrance (probability of disease when one or two disease alleles are present) 
and phenocopy rate (probability of disease when no disease alleles are present). 
Th e true parameters for complex diseases are generally unknown, but need to be 
estimated. 

In a two-point linkage analysis, the inheritance of alleles at one marker’s locus at 
a time is compared with the inheritance of the disease within families, whereas a 
multipoint analysis uses a large number of markers simultaneously. 

In all analyses of Study III, individuals fulfi lling the phenotypic criteria were de-
fi ned as ‘aff ected’ and all others as ‘unknown’. Marker allele frequencies were ob-
tained from the study sample. Non-parametric two-point and multipoint linkage 
analyses were performed using Merlin (Abecasis et al. 2002). Parametric two-point 
linkage analyses were performed using Autogscan (Hiekkalinna et al. 2005), using 
dominant and recessive models with conservative parameters (penetrance 90%, 
disease allele frequency 1%, phenocopy rate [A] 1% and [B] 0.01%). Two diff er-
ent sets of parameters were used due to the diffi  culty of estimating the model for 
these complex traits under investigation. Parametric analyses were performed for 
the whole study sample as well as separately for males and females. Analyses were 
also done separately for males and females in a linkage study (III). In the male-
specifi c analyses, the phenotypes for females were set to “unknown”, and in the 
female-specifi c analyses, the phenotypes for males were set to “unknown”. Since 
the multipoint linkage analyses applied here are highly sensitive to errors in the 
genetic map, every eff ort was made to construct a reliable genetic map based on 
sequence data rather than on statistical inference from genotype data.
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Kappa testing

Finally, three measures of nicotine dependence were compared to assess whether 
DSM-IV, FTND and NDSS evaluate the same aspects of nicotine dependence and 
whether they overlap with each other. Because DSM-IV is a golden standard of 
nicotine dependence, FTND and NDSS were dichotomized empirically based on 
the proportion of nicotine-dependent persons (53%) according to DSM-IV crite-
ria. Th e cut-off  point for FTND was 4 and for NDSS 20. Th ese new analyses were 
not reported in substudies.

Analyses in all substudies were computed by Stata 9.0 (StataCorp. 2005, Williams 
2000)  and Amos (Byrne 2001) statistical soft ware programs for CFA analyses. All 
genetic models were fi tted using Mx-soft ware, using the option for ordinal data 
analysis (Neale et al. 2003). 
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5. Results

5.1 General genetic and environmental factors of 
smoking behaviour and nicotine dependence

Heritability of smoking behaviour

Th e aim was to examine the genetic architecture of smoking behaviour in a large 
twin cohort (Study I). Two-stage bivariate genetic modelling of age at initiation 
with amount smoked and age at initiation with smoking cessation was done to also 
take into account never-smokers in the analysis. 

MZ correlations were higher than DZ correlations among both men and women 
for all three traits: age at initiation, smoking cessation and cigarettes smoked per 
day. For both sexes, the best bivariate model for age at initiation was an ACE mod-
el, and for amount smoked and smoking cessation an AE model, indicating that 
common environment (C) dropped. 

Modelling between age at initiation and amount smoked showed that heritability 
estimates were higher among men than women for age at initiation, but some-
what higher among women than men for amount smoked (Table 11). Modelling 
between age at initiation and smoking cessation showed that heritability estimates 
were higher among men than women for age at initiation and also somewhat high-
er for smoking cessation (Table 11). 

Only a weak genetic correlation and a weak unique environmental correlation 
were found between age at initiation and amount smoked among both sexes (men 
ra=-0.22, women ra=0.17). Genetic correlation between age at initiation and smoking 
cessation was also weak among men (ra=0.22), whereas among women no signifi cant 
correlation was found (Study I, Tables 4 and 5). Genetic correlations between age at 
initiation and number of cigarettes smoked and also between age at initiation and 
smoking cessation were moderate for both sexes. 

Th e parameter estimates were also tested for sex diff erences in the two-stage models 
by equating the parameters and assessing the change in model fi t (Study I). Models 
for age at initiation and amount smoked and also age at initiation and smoking 
cessation showed a highly signifi cant diff erence between men and women. 
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Table 11. Heritability proportion of the variation with 95% confi dence intervals for age at initiation 
(≤18 years, 18+ years or never) vs. amount smoked (<20 vs. 20+ cigarettes/day) and age at initiation 
vs. smoking cessation (former vs. current smoker) in a two-stage bivariate model. Only AE models are 
presented.

Men Women
Additive genetic    95% CI
variance 

Additive genetic       95% CI
variance

Age at initiation 0.59 0.49, 0.69 0.36 0.28, 0.43
Cigarettes per day 0.54 0.45, 0.62 0.61 0.46, 0.70

Age at initiation 0.59 0.49, 0.68 0.34 0.28, 0.42
Smoking cessation 0.58 0.50, 0.65 0.50 0.39, 0.60

Heritability of nicotine dependence

In addition to validating NDSS among Finnish smokers, Study II aimed at examin-
ing the eff ect of genetic and environmental factors and sex diff erences on nicotine 
dependence measured by NDSS and FTND. Th e AE model fi tted both NDSS and 
FTND scales best, and there was no evidence for the effi  cacy of C. Th e overall her-
itability estimates for NDSS (h2=0.30) and FTND (h2=0.40) were moderately low, 
and modelling showed no sex diff erences in the genetic architecture of scales. 

No sex-specifi c genetic eff ects were found when modelling the second and the third 
subscores of the NDSS. Th e heritability estimates were higher for the second fac-
tor, stereotypy/continuity (h2=0.44), than for the third factor, tolerance (h2=0.39). 
Th e best-fi tting model was AE for both. However, for the fi rst factor, drive/priority, 
the best fi t was a CE model for men and an E model for women, and thus, for this 
fi rst factor no signifi cant genetic eff ects were detected. 

5.2 Specifi c genetic factors of smoking behaviour 
and nicotine dependence

Th e genotyping strategy was to identify encouraging regions (NPL/LOD score >2) 
in the initial genome scan in 158 twin families and then follow these regions with 
a denser set of markers (Study III).

Signifi cant evidence for linkage for the smoker phenotype was observed at chro-
mosome 10q25 (LOD 3.35). Suggestive evidence for linkage for the smoker phe-
notype also emerged at chromosomes 5q12 and 2q33.

Suggestive evidence for linkage for FTND was detected, the most promising sig-
nals being obtained for markers at chromosomes 7q21 and 7q31. Furthermore, in 
the male-specifi c analysis, a distinct locus emerged at chromosome 7q35, approxi-
mately 30cM telomeric to the chromosome 7q21-31 locus.  Suggestive evidence 
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for linkage with FTND was observed at chromosomes 5q34 and 11p15. Th e chro-
mosome 11p15 locus also showed suggestive evidence for linkage with DSM-IV 
nicotine dependence. Finally, DSM-IV-defi ned nicotine dependence showed some 
evidence for linkage at chromosome 20p13.

Th e loci with suggestive evidence for linkage with FTND, i.e. chromosomes 5q34, 
7q21-31 and 11p15, also showed suggestive linkage with the co-morbid phenotype 
of nicotine dependence (FTND) and alcohol use. Th e highest LOD score for the 
co-morbid phenotype was obtained at chromosome 7q31. Th e linkage signal at 
chromosome 7q was predominantly contributed by males. Similarly to the analy-
ses of the FTND phenotype, a male-specifi c locus emerged at chromosome 7q35 
for the co-morbid phenotype.

Suggestive linkage was observed for the binge drinker phenotype at chromosome 
10q25, overlapping the linkage locus for smoker status. Suggestive evidence for 
linkage was also seen at chromosome 20p13, overlapping the linkage locus for 
DSM-IV nicotine dependence. 

Of special interest were the nicotine dependence locus at 7q and the 10q locus, 
which showed linkage to both smoker status and binge drinking. Clear sex-specifi c 
diff erences were seen in chromosome 7 for the FTND phenotype. Th ese results 
provide confi rmatory evidence for the involvement of certain genome regions in 
the genetic aetiology of smoking behaviour and nicotine dependence (Table 12). 
Interestingly, the diff erent smoking phenotypes showed linkage to diff erent loci, 
with little if any overlap of loci linked to smoker, FTND and DSM-IV nicotine 
dependence phenotypes. 

Table 12. Phenotypes, chromosomes and LOD scores ≥2. Sex-specifi c parametric linkage results are 
also shown.

Phenotype Chromosome LOD Noted when sex diff er-
ences examined

Smoker 2q33 2.56
Smoker 5q12 2.66
FTND 5q34 2.66
FTND 7q31 2.50
FTND 7q21 2.52 Males
FTND + Binge 7q21 2.63 Males
FTND 7q31 2.08 Males
FTND + Binge 7q31 2.82 All
FTND + Binge 7q31 2.08 Males
FTND 7q35 2.90 Males
FTND + Binge 7q35 2.74 Males
FTND 7q36 2.49 Males
FTND + Binge 7q36 2.34 All
FTND + Binge 7q36 2.45 Males
Smoker 10q25 3.12
Binge drinker 10q25 2.49
FTND 11p15 2.25
DSM-IV 20p13 2.36
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5.3 Specifi c environmental factors of smoking 
cessation 

Socio-economic position and marital status were evaluated as predictors of smok-
ing cessation, adjusting for previous smoking behaviour and family background 
(Study IV).  Th is was done by logistic regression analyses of all twin individuals 
and conditional logistic regression analysis of pairs discordant for smoking cessa-
tion. 

Age was adjusted for in all analyses since it correlated with the socio-economic 
indicators. About one-fi ft h of those who were smokers in 1981 had stopped smok-
ing by 1990. Th e proportion of quitters was slightly larger among men than among 
women.

University education among men and a high level of education among women 
predicted smoking cessation. High social class among women predicted smoking 
cessation, but the same was not true among men. Marital status did not predict 
smoking cessation among men or women. Moreover, smoking behaviour factors 
among both men and women predicted smoking cessation, namely starting smok-
ing at a later age, smoking only a few cigarettes per day and low nicotine content 
of the brand smoked. 

Socio-economic diff erences in cessation diminished only slightly when adjusted 
for smoking behaviour factors. A high level of education predicted smoking cessa-
tion even when smoking behaviour variables, social class and marital status were 
adjusted for in both men and women (Figure 3). Among women, the diff erence 
between unskilled manual workers and upper white-collar employees decreased 
and was no longer signifi cant aft er adjusting for smoking behaviour. Men who 
were married in 1981 and remained married in 1990, and especially those who 
were unmarried in 1981 but had married by 1990, were more likely to quit smok-
ing. Both getting married and remaining married remained signifi cantly associated 
with smoking cessation aft er adjusting for smoking behaviour and socio-economic 
variables (Figure 4). However, this was seen only in men.

Among twin pairs discordant in terms of smoking cessation, the twin who con-
tinued smoking had also smoked on average more at baseline, and among men 
had a smaller probability of getting married during the follow-up than the co-twin 
brother who had quit smoking.  

In the within-pair analysis among men and women, the number of cigarettes 
smoked predicted cessation. Among DZ twin pairs, the number of cigarettes 
smoked was a signifi cant predictor of smoking cessation. 

Th e category ‘got married’ in the transition of the marital status variable was sig-
nifi cantly associated with smoking cessation among male pairs, but not among 
female pairs. 
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Education was not a signifi cant predictor for twin pairs discordant for smoking 
cessation, although it did predict cessation in individual-level analyses among 
both men and women.

Indicators of socio-economic position were important predictors of smoking ces-
sation, even aft er adjusting for previous smoking behaviour. Getting married and 
remaining married were associated with an increased probability of cessation in 
men. Th is result for men was also confi rmed in twin-pair discordant analysis, 
which showed that living alone had a direct association with smoking cessation. 
Family background probably contributes to the educational diff erences in cessa-
tion rates. 
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Figure 3. Logistic regression analysis of smoking cessation and education. Odds ratios and their 95% 
confi dence intervals. Adjusted for age, social class, number of cigarettes per day, age at initiation and 
nicotine mg/cigarette. Primary school is the reference category (OR=1).
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Figure 4. Proportions (%) of subjects by marital status and odds ratios and their 95% confi dence in-
tervals from logistic regression analysis of smoking cessation and transition of marital status in men. 
Adjusted for age, education, social class, number of cigarettes per day, age at initiation and nicotine mg/
cigarette. Remained unmarried is the reference category (OR=1).

5.4 Measuring nicotine dependence

Th e aim was to examine the performance of the NDSS among smokers in Finland 
and to determine how well it correlates with FTND and DSM-IV nicotine depend-
ence among regular smokers (Study II). 

Th e sum score of the NDSS, a summary measure of dependence, correlated mod-
erately highly with the FTND score and with the number of DSM-IV symptoms 
(Table 15). Since CFA indicated that the fi t to Shiff man’s fi ve-factor model was 
suboptimal, EFA was carried out. Th ree factors were derived: drive/priority, ster-
eotypy/continuity and tolerance. Th e drive/priority factor correlated best with 
FTND and DSM-IV. Subjects in the highest sum score groups of the NDSS were 
more likely to be nicotine-dependent according to DSM-IV criteria than those in 
the lowest quintile (Figure 5). 

Th e NDSS measurement could be used to measure nicotine dependence. Interest-
ingly, NDSS is independent of information concerning cigarettes smoked per day. 
Th e NDSS correlated moderately highly with FTND and DSM-IV. Th e sum score 
of the NDSS was highly associated with FTND and DSM-IV-defi ned nicotine de-
pendence, but expanded with DSM-IV substance dependence criteria to address 
the components of nicotine dependence more specifi cally.  
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Figure 5. Sum score of the NDSS in fi ve groups and the proportions (%) of DSM-IV nicotine-dependent 
persons in each group (n=1259).

Table 13. Pearson correlation of other smoking measures with the sum score of the NDSS (n=1157; 95% 
confi dence intervals in parentheses).

Measurement FTND No. of DSM-IV 
symptoms No. of cigarettes * Maximum no. of 

cigarettes **

Sum score of the NDSS 
0.62
(0.59-0.66)

0.51
(0.47-0.55)

0.45
(0.40-0.50)

0.44
(0.39-0.49)

* Number of cigarettes smoked per day during period of heaviest smoking
** Maximum number of cigarettes smoked in a 24-h period 

In this study, three nicotine-dependence measures, DSM-IV, FTND and NDSS, 
were used. DSM-IV is a dichotomized and well-established measure, whereas the 
widely used FTND is intended to be a continuous variable, as is NDSS. Our inter-
est was in examining whether these three measurements measure the same aspects 
of nicotine dependence. Th e number of smokers included in the analysis was 1247. 
Because DSM-IV is a golden standard of nicotine dependence, FTND and NDSS 
were dichotomized empirically based on the proportion of nicotine-dependent 
persons (53%) according to DSM-IV criteria. Th e cut-off  point for FTND was 4 
and for NDSS 20.

When nicotine dependence was measured by a single measure at a time, about 
53% of the data set were nicotine-dependent persons. When measured by all three 
measures simultaneously, 76% were nicotine-dependent by at least one measure, 
while 24% were not dependent by any measure.
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Smokers who were dependent by at least one measure comprised a group of 937 
individuals (Figure 6). About 28% were dependent by only one measure (DSM-IV 
11%, FTND 8%, NDSS 9%) and 32% were dependent by two measures (DSM-IV 
and FTND 10%, DSM-IV and NDSS 10%, FTND and NDSS 12%). Forty percent 
were dependent by all three measures. Kappa testing (Fleiss, Levin & Paik 2003) of 
DSM-IV and FTND was 0.40, DSM-IV and NDSS 0.37 and FTND and NDSS 0.44, 
indicating that the measurements were partly overlapping.
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40 %
n=375
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10 %
n=95
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9 %
n=87
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Figure 6. Th ree nicotine dependence measures yielded 937 dependent smokers. Percentages and num-
bers of individuals in the fi gure indicate how much these three measures overlap.
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6. Discussion 

Th is study was based on two extensive research projects including adult twin-
family data. Th e fi rst is the longitudinal Older Finnish Twin Cohort data of adult 
twin pairs (Studies I and IV) and the second the Family Study of Genetics of Vul-
nerability to Nicotine Addiction, which was based on the same Twin Cohort, but 
enriched by selecting twin pairs who were both smokers (Studies II and III) and 
including their non-twin siblings. Th e general aim of this thesis was to examine 
genetic and environmental factors related to nicotine dependence and smoking 
behaviour.

6.1 Main results and comparison with previous 
studies

Th e fi rst aim was to quantify the relative role of genetic and environmental factors in 
smoking behaviour and nicotine dependence. Genetic factors seemed to be important 
in age at initiation, cigarettes smoked per day and smoking cessation. About half of 
the phenotypic diff erences were explained by genetic variance; the proportion was 
higher among men in initiation, slightly higher among men in cessation, and higher 
among women in amount of daily smoking. A novel fi nding was that genetic infl u-
ences on amount smoked and smoking cessation were largely independent of genetic 
infl uences on age of initiation. Although there is a weak connection between age of 
initiation and smoking cessation, this connection appears to be primarily genetic. 

Genetic modelling in nicotine dependence showed no diff erences in the genetic ar-
chitecture of NDSS or FTND by gender. Th e overall heritability estimate for NDSS 
was 0.30 and for FTND 0.40, indicating that about one-third of phenotypic variation 
could be explained by genetic diff erences in this specifi c family population. No prior 
estimates for NDSS nicotine dependence heritability have been published. 

Th e fi nding that genetic factors are important in age at initiation, cigarettes smoked 
per day and smoking cessation is supported by earlier studies (Li et al. 2003a, Mor-
ley et al. 2007). Heath and co-authors (2002) described a weak and non-signifi -
cant genetic correlation with age at initiation and smoking cessation and an even 
weaker one with initiation and cigarettes per day. However, a more recent study by 
Morley and colleagues (2007) found a strong positive genetic correlation between 
age at onset and cigarettes per day and also a moderate to strong positive genetic 
correlation between cigarettes per day and smoking persistence. 

Th e genetics of nicotine dependence has not been studied previously in Finland. 
Earlier studies on nicotine dependence in other countries have found higher her-
itability estimates, measured by DSM-IV or FTND,  varying from 0.44 to 0.75 
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(Haberstick et al. 2007, Kendler et al. 1999, Lessov et al. 2004, Maes et al. 2004, 
McGue, Elkins & Iacono 2000, True et al. 1999, Vink, Willemsen & Boomsma 
2005). Heritability in the present study was lower for FTND, and even more so 
for NDSS, which might be partly due to the new measurement of the phenotype, 
the diff erent population context and the diff erent data. Also noteworthy is that 
the sample was enriched with heavier smokers due to the selection of smokers 
from the twin cohort. Th is may have aff ected the results. Further, no evidence of 
sex diff erences in heritability was found, perhaps because of the limited power to 
detect sex-specifi c eff ects, detection likely being possible only in larger samples. 
However, not all studies of nicotine dependence have shown sex-specifi c eff ects 
(Lessov et al. 2004, Vink, Willemsen & Boomsma 2005).

Th e second aim was to identify chromosome regions harbouring genes that infl uence 
smoking behaviour and nicotine dependence. Previous linkage fi ndings on 10q, 7q 
and 11p were replicated. Th e loci linked for nicotine dependence also showed evi-
dence of linkage for the co-morbid phenotype. 

Signifi cant linkage for smoker phenotype was found at 10q25, located only 5 Mb 
from a previously reported linkage for FTQ (Straub et al. 1999) in a New Zealand 
family sample. Th e same locus also showed evidence of linkage for binge drink-
ing, supporting the hypothesis of shared genetic aetiology between nicotine de-
pendence and alcohol use. Li and colleagues (2007), recently reviewed the high 
co-morbidity of smoking and alcohol use and suggested that nicotine and alcohol 
co-dependence are common and “reveal the extent to which their genetic, neuro-
chemical and behavioural substrates overlap.” 

A suggestive fi nding for nicotine dependence at 7q21-31 overlapped the linkage 
locus for the co-morbid phenotype of nicotine dependence and alcohol use. Sex-
specifi c analyses showed that the linkage signal at chromosome 7q for the FTND 
phenotype was predominantly contributed by males. Th e 7q35 locus was recently 
found to overlap with nicotine dependence in an American smoking family sam-
ple (Swan et al. 2006). Of special interest were the nicotine dependence loci at 7q 
and 10q, revealing linkage to both smoker status and binge drinking. Th ese results 
provide confi rmatory evidence for the involvement of certain genome regions in 
the genetic aetiology of smoking behaviour and nicotine dependence.

Th e third aim was to validate and develop a novel measurement for assessing nicotine 
dependence. Th e recently introduced novel NDSS scale seemed to work rather well 
in the Finnish twin-family data set. Th e sum score of the NDSS was highly associ-
ated with nicotine dependence, as defi ned by the FTND and DSM-IV measures. 
In addition, the NDSS correlated moderately with number of cigarettes smoked. 
Factor analysis indicated that a three-factor structure (drive/priority, continuity/
stereotypy and tolerance) was optimal using these data, not supporting Shiff man’s 
original fi ve-factor structure. NDSS-T reliability (Cronbach’s alpha) for 14 items 
was very good (0.89).
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Earlier studies of NDSS have mostly been performed in clinical samples (Clark et 
al. 2005, Rubinstein et al. 2007, Shiff man, Sayette 2005, Shiff man, Waters & Hick-
cox 2004), and somewhat diff erent factor structures have been described. Potential 
reasons for diff erent factor structures might be diff erent sample sizes, population 
heterogeneity, diff erent degrees of nicotine dependence in participants and diff er-
ent age distributions. In our study, participants were older than in other reports 
(Clark et al. 2005, Costello et al. 2007, Rubinstein et al. 2007, Shiff man, Sayette 
2005, Shiff man, Waters & Hickcox 2004), thus being more likely to have longer 
smoking histories and more extensive exposure to nicotine. In addition, linguistic 
and cultural diff erences may play a role in completing the questionnaire, despite 
careful translation and back-translation of the NDSS items. 

Th e novel multidimensional NDSS scale correlated highly with two widely used 
and established nicotine dependence scales (DSM-IV and FTND), suggesting that 
this new scale is a feasible and valid measure for identifying nicotine-dependent 
smokers. Moreover, the NDSS expands upon DSM-IV substance dependence cri-
teria to address some specifi c components of nicotine dependence. 

Th e fourth aim was to examine the role of social environmental factors in smoking 
cessation. Indicators of socio-economic position, education, occupation and mari-
tal status were important predictors of smoking cessation, even when adjusted for 
several indicators of previous smoking behaviour, i.e. number of cigarettes, age at 
initiation and nicotine content. Getting married was associated with an increased 
probability of cessation in men. Th is fi nding in men was further confi rmed in an 
analysis among twin pairs discordant for smoking cessation. Th us, this association 
was not confounded by family factors such as parental infl uences or other experi-
ences shared by the twins during their childhood or adolescence. 

In smoking cessation, social support from a spouse seems to be important, es-
pecially among men. Women appear to be the key providers of social support in 
smoking cessation (Gritz, Nielsen & Brooks 1996). However, a review of interven-
tion programmes showed that the infl uence of spousal support varies (Park et al. 
2004). 

Th e result that high education was a predictor of smoking cessation at the indi-
vidual level is consistent with earlier studies among both sexes (Helmert, Shea & 
Bammann 1999, Osler et al. 1999). Because no diff erences were found in education 
level in the within-twin pair analyses, family background probably contributes to 
educational diff erences in cessation rates. In a resent study (McCaff ery et al. in 
press) of Vietnam-era twin pairs, educational attainment correlated signifi cantly 
with smoking initiation in part due to gene-environment correlation and interac-
tion.
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6.2 Methodological considerations

Data and design

Th e twin design and data of the fi rst substudy (Study I) were optimal for quantita-
tive genetic modelling. Th e data set was larger than in many earlier studies, with 
the exception of the large multi-country collaborative study of Madden and col-
leagues (Madden et al. 2004). Th e data for the second and third substudies (Studies 
II and III) were based on the previously mentioned adult twin data, but focused 
on smoking twin pairs as well as their siblings and parents. Th is family study did 
not provide population-based data. Studies II and III were targeted at twin pairs 
concordant for smoking based on earlier questionnaire reports. Th ese concordant 
twins then were the index subjects for the participating families. Th e analysis sam-
ples in both studies represent subsamples of all the families involved. Th e family 
data collection was based on earlier responses to smoking questions; 59% of re-
spondents agreed to participate. A slightly higher proportion (62%) of light smok-
ers (≤20 cigarettes/day) than heavy smokers (57%) (25 cigarettes or more) partici-
pated. Th e participation rate among those who smoked 40 cigarettes or more per 
day was 53%. Th us, the heaviest smokers were somewhat underrepresented. Also, 
some diff erences were present in participation by gender composition of pairs. Th e 
participation rate was 78% among male-female pairs, 52% among male-male pairs 
and 60% among female-female pairs.  Th e same-sex pairs had been asked to par-
ticipate in several twin cohort studies previously, while the opposite-sex pairs had 
been approached just once, which probably explains the diff erence in participation 
rate. Th e sample set used in the genome-wide scan (Study III) ideally should have 
been larger, but fi nancial restrictions had not permitted more extensive genotyp-
ing. Nevertheless, we managed to replicate earlier linkage fi ndings (Sullivan et al. 
2004, Swan et al. 2006). Th e fourth substudy (Study IV) was a population-based 
prospective follow-up study. Th e baseline data were collected in 1981, when all 
participants were identifi ed as smokers. Th e outcome data were collected in 1990, 
when some of the participants had quit smoking. Because this study had a longi-
tudinal prospective design, many pitfalls of cross-sectional studies or retrospective 
case-control studies were avoided. For example, information on previous smoking 
behaviour was not prone to recall bias since the data were collected at baseline. 
However, data for discordant pair analysis with conditional logistic regression 
were rather small, possibly leading to loss of statistical power. 

Generalizability

Th e results of the quantitative genetic analyses (Study I) can probably be general-
ized to the Finnish adult smoking population. Although genetic estimates vary 
by time and culture, the fi ndings of a re-analysis of a multi-country (Australian, 
Finland and Sweden) study (Madden et al. 2004) demonstrated that genetic eff ects 
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seem to be important to a similar extent across age and gender for cigarette smok-
ing persistence. Moreover, the study of socio-economic position and marital status 
(Study IV) could be generalized to smoking Finnish adults. Others have found 
similar fi ndings about the importance of education and marital status in smoking 
cessation (Kaprio, Koskenvuo 1988, Khuder, Dayal & Mutgi 1999), suggesting that 
these characteristics are more universal indicators of the ability to quit smoking. 
Th is again is useful in clinical work and smoking cessation programmes. 

Strengths and limitations

In evaluating any new measure of a phenotype, its validation it in a randomized 
population-based sample is important. However, there was no opportunity to use a 
population-based sample when validating the novel NDSS measure, as at that time 
the NDSS had only been used as a measure of nicotine dependence in family data 
in Finland. Such a population-based sample has now been collected as part of the 
National FINRISK Study in 2007, and it will be of interest whether similar results 
are seen for that population-based sample of Finnish adults.  

In the quantitative genetic study (I), modelling of two-stage smoking phenotypes 
was used. However, the data and measures would have allowed use of even more 
advanced three-stage modelling, as later published by Morley et al. (2007) with a 
similar phenotypic setting.

Data of the fourth substudy (Study IV) included information on smoking behav-
iour based on self-reports, whereas very limited measures of nicotine dependence, 
such as amount of smoking, were available. No information was, for instance, pro-
vided on the time to fi rst cigarette in the morning, which has been suggested to 
be one of the strongest predictors of smoking cessation. Th e data also lacked in-
formation about intentions to quit smoking. A recent study (West, Sohal 2006) 
showed that a planned attempt to quit smoking is not a good predictor of smoking 
cessation because unplanned quit attempts were more likely to succeed for at least 
six months.

No biochemical verifi cation of ever being a smoker or of the degree of nicotine 
dependence was available for subjects (Studies II and III). However, earlier stud-
ies in Finland have indicated that current smokers do report their smoking status 
very accurately (Vartiainen et al. 2002). Given the large number of smoking-relat-
ed questions administered to the smokers, starting with their fi rst experiences with 
smoking, and the existence of prior smoking history (for index twins) from earlier 
questionnaires, the lack of biochemical verifi cation is likely not a major weakness 
since the internal consistency of the extensive smoking history could be assessed. 

In the analyses of twin data, a number of basic assumptions are made, i.e. random 
mating, no gene-environment interaction or correlation and equal environments 
for MZ and DZ twins. First, the random mating assumption means that mating is 
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expected to be non-assortative (Neale et al. 2003). Mating is known not to always 
be random, e.g. spouse correlations equivalent to sibling correlations for nicotine 
dependence have been reported (Boomsma et al. 1994, Merikangas et al. in prepa-
ration). Published estimates of spouse-spouse correlations were 0.43 for current 
smoking and 0.18 for ever-smoking in a Dutch adolescent study (Boomsma et al. 
1994), suggesting that mating may not be random with respect to smoking. As-
sortative mating can increase the genetic similarity of off spring, hence also making 
DZ twins more similar than what is expected based on the 50% sharing of segre-
gating genes. When comparing MZ and DZ correlations to determine whether a 
genetic component exists, the heritability estimate will be underestimated if paren-
tal assortative mating is ignored.    

Second, the assumption of no gene-environment interaction refers to a lack of a 
genotype-environment correlation. Th is genotype-environment correlation would 
mean that the environments that individuals experience may not be a random 
sample of the whole range of environments, but may be caused by, or correlated 
with, their genes (Neale et al. 2003, Purcell 2002). In the present study, the gene-
environment interaction or correlation was not examined, but such an interac-
tion or correlation is plausible. For example,  parental monitoring is an important 
modifi er of the genetic component in adolescent smoking (Dick et al. 2007). Ear-
lier studies of alcohol use (Dick et al. 2001, Rose et al. 2001) have indicated the 
importance of parental and neighbourhood monitoring such that in less stable and 
monitored neighbourhoods the genetic infl uence is higher. By contrast, in more 
supervised environments, i.e. those with more parental monitoring, less opportu-
nity was given to express genetic predispositions. Th ese results indicate that envi-
ronment has an impact on adolescent smoking (Kemppainen et al. 2006). A Finn-
ish nationwide cross-sectional study of 12- to 18-year-olds showed that if parents 
forbade teenagers to smoke the risk of their becoming a daily smoker decreased. 
Th e risk of becoming a daily smoker was higher among those with two smoking 
parents than among those with non-smoking parents (Rainio, Rimpelä, in press.). 

Th ird, the equal environments assumption states that the eff ects of shared and 
unshared environments on a phenotype are similar among MZ and DZ twins. In 
other words, this assumption means that the environmental eff ects of smoking 
or not smoking around MZ and DZ twins in their childhood have been similar. 
However, MZ twins may  have been treated more similarly than DZ twins in child-
hood. Nonetheless, Kendler and colleagues (1993) have found that the eff ect of this 
kind of bias is likely to be weak. On the other hand, Tishler and Carey (2007)have 
argued in a meta-analysis of eight studies that the equal environments assumption 
of MZ and DZ twins may not hold in analysis of subjective traits, e.g. smoking, 
because of the lower prevalence of smoking in MZ twins than in DZ twins. Tish-
ler and Carey concluded that the lower prevalence in MZ twins might invalidate 
conclusions from classical twin models (Kaprio 2007). In a re-analysis of the Older 
Finnish Twin Cohort from 1975, intra-pair correlations were carefully taken into 
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account and the MZ-DZ diff erence was no longer signifi cant (Kaprio 2007) and 
thus the assumption of similar environments of MZ and DZ twins appeared ten-
able. In any case, the prevalence diff erence between MZ and DZ twins was rather 
small and unlikely to have a major impact on heritability estimates (Kaprio 2007).

Th e longitudinal adult twin cohort study (IV) provided a large data representative 
of eversmoking Finnish adult twins and probably even of the ever-smoking Finn-
ish adult population. A large study population gives adequate power to multiple 
analyses, not only of smoking behavioural traits but also of associations between 
these traits. One of the strengths of this substudy was also the possibility to follow 
up the transition of the marital status of participants. 

Th e studies conducted as part of the family study of cigarette smoking (II and 
III) are unique data collections focused particularly on nicotine dependence, in-
cluding three nicotine dependence scales and very detailed smoking histories ob-
tained via diagnostic interviews. Th e opportunity to use two other widely applied 
measures (DSM-IV, FTND) in validating the new NDSS measure is another major 
strength (Study II). Th is substudy contributes considerably to the methodologi-
cal development of novel tools for defi ning nicotine dependence phenotypes in 
genetic studies. 

Th e overrepresentation of tobacco use in the families gave extra power for detect-
ing linkage (Study III). For example, the prevalence of heavy smoking (20 ciga-
rettes or more) among smokers in Finland is about 30%, whereas in the current 
study population (90% smokers), 46% were heavy smokers. 

Family data (Study II), were quite large and not clinical data, as oft en used in ear-
lier NDSS studies, were quite large or genetic modelling, there was an opportunity 
to also use sex-limitation models. 
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6.3 Conclusions

Scientifi c conclusions

Th e results confi rmed that genetic factors are important in amount smoked and 
smoking cessation, and these genetic factors are largely independent of genetic 
infl uences on age at initiation. Starting to smoke is not a risk as such, but is an 
indicator of risk to develop future nicotine dependence. Further, it may not be a 
causal eff ect because the correlation is genetic, not environmental. Th us, some of 
the same genetic factors may underlie nicotine dependence and age at initiation.

Th e NDSS correlated moderately highly with FTND and DSM-IV. Th e sum score 
of the NDSS is highly associated with FTND and DSM-IV-defi ned nicotine de-
pendence, and expands upon DSM-IV substance dependence criteria to address 
the components of nicotine dependence more specifi cally. Th e NDSS measure can 
be used to assess nicotine dependence. A special strength in some situations may be 
that it is independent of information concerning the number of cigarettes smoked 
per day.

Th is study confi rms that genetic factors are important in nicotine dependence and 
smoking cessation. However, environmental factors are at least as important and 
can interact with one’s behaviour in smoking prevention and cessation and nicotine 
dependence. Social support plays a critical role in smoking cessation, not only in 
adolescence but also in adulthood, especially for men.

Postponing smoking onset to adulthood appears to have some advantages. Age at 
initiation and smoking cessation have some genetic background, although envi-
ronmental factors are important. Even if smoking initiation should and could be 
postponed to a later age, potential vulnerability to nicotine dependence cannot be 
completely inhibited. 

Practical implications

Th e multidimensionality of nicotine dependence can now be measured with a vali-
dated scale. 

Based on these results and earlier literature, it seems evident that quitting smoking 
is really diffi  cult for some people and large variation exists between individuals. 
Although the results confi rm the role of genetic factors in smoking and nicotine 
dependence, we should not conclude that there is nothing to do in the face of 
genetic vulnerability to smoking and nicotine dependence. Concerning interven-
tions, the main focus should be on environmental factors and how they interact 
with genetic vulnerabilities because genetic factors are expressed diff erently in dif-
ferent environments. Th is has now been shown empirically also for smoking in 
adolescents, with the genetic variance being dependent on rearing characteristics 
in the family (Dick et al. 2007).
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Smoking behaviour and nicotine dependence are multidimensional phenomena, 
with some known but also relevant new dimensions. Th is information helps us to 
better understand variation in smoking behaviour and nicotine dependence. Nico-
tine dependence measurements (NDSS, FTND, DSM-IV) should be subjected to 
further critical evaluation. Only aft er thorough validation and experience will it bee 
possible to recommend the NDSS scale as a new measure for clinical use.

Transition in marital status seems to be an important life event with regard to 
smoking cessation, especially among men. Further resources should be devoted to 
optimizing social support to motivate both sexes to quit smoking.

Th is study may also help to clarify which risk groups should be directed towards 
future prevention programmes and what kinds of cessation programmes should be 
developed for the most vulnerable groups.

Nicotine dependence has not earlier been studied in Finland in large data sets. Th e 
proportion of smokers who were nicotine-dependent ranged from less than 20% 
among those smoking less than 10 cigarettes per day to more than 80% among 
those smoking 30+ cigarettes a day. It was important to provide some heritability 
estimates for Finland; these were quite consistent with those found in studies from 
Australia, USA and the Netherlands. Informative genetic samples for smoking be-
haviours have thus far existed only in a handful of countries.

Results suggest that postponing experiments with the fi rst cigarette to a later age 
is benefi cial. Not trying cigarettes at all would, of course, be ideal since nicotine 
dependence can develop relatively fast aft er some experiments (DiFranza et al. 
2007a).

Future research

Earlier genome-wide scan results were replicated in this study and further genome-
wide, fi ne-mapping and candidate gene analyses are ongoing. More co-morbid 
phenotypes, such as nicotine dependence and depression, should be investigated 
to uncover potential candidate genes. 

Hardly surprisingly, the validation study of the novel nicotine dependence mea-
sure did not reveal a similar factor structure as in other studies because of the dif-
ferent data sets used. Further studies in randomly selected population samples of 
smokers are needed to develop and validate nicotine dependence measurements, 
and diff erent dimensions of nicotine dependence should also be examined. In a 
comparison of three measures of nicotine dependence, which was not reported 
in the substudies, were found that almost one quarter of participants were not 
dependent by any measure. Th is might indicate that these individuals are really 
not dependent or that even these three measures do not assess all aspects of de-
pendence. Further analyses are needed to characterize these individuals in more 
detail. Furthermore, quantitative trait linkage studies of NDSS and other nicotine 
dependence scales would be worthwhile.
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Although this study contributed signifi cantly to development of phenotypes suit-
able for genetic research, there are numerous challenges in this fi eld. One strategy 
for elucidating the genetic dimension would be identifi cation of endophenotypes 
(i.e. heritable traits associated with disease susceptibility) (Flint, Munafò 2007). 
Such an endophenotype should more closely represent a biological process con-
tributing to a trait of interest. Another interesting theme might be subjective re-
actions to the very fi rst cigarette, which may help index heritable individual dif-
ferences in reactions to nicotine. Further, to maximize power in genetic research, 
identifying quantitative traits would be valuable (Pomerleau et al. 2007).

Overall, nicotine dependence and smoking behaviour demonstrate genetic liabil-
ity but also substantial environmental background. If smoking initiation cannot 
be completely prevented, its postponement to adulthood would be benefi cial to 
reduce the length of exposure to the harmful and toxic substances in cigarette 
smoke. However, even if starting could be postponed to later years, potential vul-
nerability to nicotine dependence probably cannot be inhibited. Starting to smoke 
is not a risk as such, but it is an indicator of vulnerability to nicotine dependence. 
Th e same genetic factors may underlie vulnerability to both nicotine dependence 
and age at initiation. More research is needed to test alternative mechanisms. 

Nicotine dependence is a complex issue. Many components and their interactions 
should be investigated to shed light on the multidimensionality, aetiology and 
mechanisms of nicotine dependence. 
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