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ABSTRACT 
 
 

        The aim of the present study was to investigate the brief intervention method in real-life dental 

settings and to determine its feasibility in adolescent smoking cessation. Also the opinions and 

attitudes of  dental personnel in smoking-related issues were assessed; likewise the validity of the 

information on adolescent smoking habits obtained in dental care. We also sought to test the 

possible early association of tobacco smoking with oral health indices in adolescents. 

       The 3% reduction in adolescents` smoking achieved by the brief intervention can be regarded 

as a good result. In unstable smoking habit conditions the improvement was achieved with little 

extra input over and above normal routine dental care. Dental staff were mostly of the opinion that 

the prevention of smoking is an important factor within dentistry. Obvious defects were, however, 

observed in practical feasibility of the brief intervention method.  

       It seemed  needless to use biochemical verification of smoking in normal dental practice, since 

the authority of the dental profession appeared to elicit reliable information on the habit.    

      The smoking habit seems to be a prominent determinant of caries occurrence and treatment need 

in adolescents. Calculations of the likelihood of an adolescent having nonintact teeth showed that 

this was 1.8-2.8 times more likely in smokers than in non-smokers. Smokers had a need for 

periodontal care 1.6-2.0 times more often than non-smokers. This possible association must to be 

taken into account when planning strategies for adolescent oral health. 

     Smoking counselling should be a fundamental part of the dental curriculum and prevention 

program in every practice. The feasibility of the brief intervention method can be improved by 

raising the self-motivation and formal training of dental personnel for health counselling. 
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LYHENNELMÄ 
 
 
 

       Tutkimussarjan tarkoituksena oli kokeilla mini-interventio –menetelmää käytännössä  sekä  

selvittää menetelmän toteutettavuutta nuorten tupakoinnin vieroituksessa. Lisäksi selvitettiin suun 

terveydenhuollon henkilöstön mielipiteitä ja asenteita tupakointiin liittyvissä kysymyksissä sekä 

arvioitiin nuorilta tupakointitavoista suun terveydenhuollossa saatujen tietojen luotettavuutta. 

Halusimme myös selvittää,  onko nuorten tupakoinnin ja suun terveyden indeksien välillä yhteyttä. 

       Mini-interventiolla saavutettua 3 %:n vähennystä nuorten tupakoinnissa voidaan pitää hyvänä 

tuloksena ottaen huomioon murrosikäisten tupakointitapojen vaihtuvuuden sekä sen seikan, että 

tulos saavutettiin vähäisellä lisäpanostuksella normaalin hammashoitotyön ohessa. Suun 

terveydenhuollon henkilöstö piti tupakoinnin ehkäisyä tärkeänä asiana hammashuollossa. Mini-  

intervention käytännön toteutuksessa havaittiin kuitenkin selviä puutteita. 

       Hammashuollon normaalitoiminnassa nuorten tupakointitavan varmistaminen biokemiallisin 

menetelmin on tarpeetonta. Hammashuollon henkilöstön auktoriteetti näyttää varmistavan nuorilta 

saatujen tietojen luotettavuuden. 

      Nuorten tupakointi näyttää olevan merkittävä tekijä karieksen ja parodontaalisairausten hoidon 

tarpeen kannalta. Tupakoimattomilla nuorilla oli 1.8-2.8 kertaa useammin reikiintymättömät 

hampaat ja tupakoivilla parodontaalihoidon tarve oli 1.6-2.0 kertainen tupakoimattomiin verrattuna. 

Suun terveydenhuollon strategioiden suunnittelussa tämä mahdollinen yhteys on otettava 

huomioon. 

       Tupakoinnista  vieroittamisen tulee olla hammaslääkärin ammatinharjoittamiseen liittyvä 

perustehtävä ja osa ehkäisevää työohjelmaa kaikilla hammaslääkärin vastaanotoilla. Mini-

interventio-menetelmän toteuttavuutta voidaan parantaa lisäämällä hammashuollon työntekijöiden 

omaa motivaatiota tupakointiin liittyvien aiheiden käsittelyssä vastaanotolla sekä kehittämällä 

asiaan liittyvää terveysneuvonnan koulutusta. 
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INTRODUCTION 

 

 

 

   Cigarette smoking is the leading preventable cause of illness and premature death in Finland 

and in many other industrialized countries (Peto 1994). In Finland, cigarette consumption has 

in the past been among the highest  in  the  world. In the 1950s nearly 80 % of adult men but 

only 13% of women smoked. In the 1960s and 1970s smoking declined in men but increased 

in women (Martelin 1984). The figures for adult Finns have since been among the lowest in 

Europe (Joossens et al. 1994, Helakorpi et al. 1994). 

   The problem in Finland is teenage smoking. The number of children and young people 

starting to smoke has not decreased; adolescents have in fact begun smoking earlier in Finland 

and they also have smoked more than  young people elsewhere in Europe (Rimpelä et al. 

2003, Godeau et al. 2004). Fortunately the latest reports indicate a positive development as  

experimentation and regular use of tobacco appears to take place later than hitherto (Rimpelä 

et al. 2005). As the majority of smokers take up the habit during teenage years, the high rate 

of young smokers will eventually feed through into adult smoking rates. Only few studies 

have been conducted on adolescent cessation programs. More research is thus needed on 

youth smoking cessation  and prevention programs available to health professionals. 

   Although an increasing amount of smoking-related research has been done among adults 

and adolescents, it is crucial to obtain reliable and validated instruments for assessing 

smoking behaviors. The reliability and validity of self-reports and questionnaires are often 

questionable in that adults tend to give socially desirable information regarding their smoking 

status. Estimates of the reliability of self-reports on adolescent smoking have been fairly high 

(Post 2005, Mayhew 2000), and this is essential for health professionals to be able to provide 

adequate treatment for their patients. 

   There are nowadays several guidelines on treating tobacco use and dependency, which are 

evidence-based (Fiore 2000, A Clinical Practice Guideline for Treating Tobacco Use and 

Dependence 2000).  Also in Finland a national recommendation was  drawn  up  at  the end of  
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2002  by the Finnish Medical Society (Käypä hoito- suositus 2002). This used science-based 

methodology (systematic review) and expert clinical judgement  to develop effective clinical 

approaches for all health professionals treating tobacco dependency. Brief clinical smoking 

intervention  has  proved    an  essential  part  in  evidence-based   strategies   in   all    modern  

recommendations (Fiore 2000, Johnson and Bain 2000). Such interventions can be provided 

by any clinicians (physicians, dentists, nurses, dental hygienists etc.), all of whom see a wide 

range of patients. Among the various health personnel groups the dentists, hygienists and 

dental nurses are those most frequently in contact with the population and in particularly with 

teenagers using systematic school dental services. This offers an excellent  opportunity to 

reach the adolescents and  achieve a positive impact on their smoking behavior.  

   The general health risks of smoking have been well-documented. Tobacco, especially  in  the  

form  of  smoked  tobacco,  is also associated  with  various changes  and diseases  in  the  oral 

cavity (Winn 2001, Kassirer 1994). Most of the literature on the impact of smoking has 

involved adults. Recent studies, however, have shown that the use of tobacco may also involve 

an increased risk for adolescents (Hirsch et al. 1991). It was the possible  association between  

adolescent oral  health and smoking which awakened my interest in   this  specific scientific  

problem. The effort to  prevent and intervene in  adolescent smoking in the public dental 

setting suggested itself as one  possible sensible approach in  anti-smoking policy. Although 

this  study confined the focus to cigarette smoking, it  also  provides information on  the  use  

of smokeless tobacco among adolescents. 
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REVIEW OF THE LITERATURE 

 

 

 

SMOKING TRENDS IN FINLAND 

 

 

 Smoking among adults  

 

    Finland has achieved remarkable results in cutting down smoking in recent decades. 

Cigarette consumption was the highest in the world in the 1920s, and  after the Second World 

War, 76 % of men  and 13 % of women being still smokers (Martelin 1984). Although the 

enormous health hazards of smoking were convincingly demonstrated in the 1950s,  the first 

proper attempts to reduce smoking started in the 1960s and 1970s. Faced with formidable 

cardiovascular and cancer disease rates,  first preventive measures and policies were started 

(Puska et al. 1995). 

    Smoking prevalence continued very high at the beginning of the 1960s, when 60% of men 

and 15% of women smoked (Statistics Finland 2002). When the first tobacco act came into 

force in 1977, 35% of men and 20% of women smoked. Since then smoking has decreased 

further, smoking prevalence among Finnish adult men being in  2003  26% and among 

women 19% (Helakorpi et al. 2005). Overall smoking levels among the Finnish adult 

population are nowadays among the lowest in Europe. 

    Finnish anti-smoking policy to reduce smoking has been based on comprehensive action. 

The main devices have been legislation, tobacco taxation (price policy), health promotion, 

monitoring and research. The first legislation was passed in 1977 (“Act on measures  to 

reduce tobacco smoking” 1976). Further improvements in legislation were attained in 1995 

(worksites smoke-free) and 2000. A special health education office was established in 1978 

at the National Board of Health, and in 1992 the office was transferred to the Ministry of 

Social Affairs and Health. The unit has been and is active regarding the national anti-

smoking policy in Finland. During the past few decades voluntary health organizations and 

primary health care services have also undertaken variety smoking cessation activities. 
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   Before the 1970s  socioeconomic differences were not clearly reflected in adult smoking 

statistics, but the recent studies indicate a change in population habits,  Finns of the lowest 

educational level smoking more often than those of the most highly educated (Patja and 

Vartiainen 2003). 

   

 

 

 

 

 

 

 

 

Smoking among adolescents  

 

 

   While data on Finnish adults` smoking habits are nowadays based on interview surveys 

“Health behaviour among the Finnish adult population” made by  the  National  Public 

Health Institute, data on the population aged 14-18 years are based mostly on the 

“Adolescent Health and Lifestyle Survey” carried out every other year since 1977. 

   Although adults in Finland smoke less than those in many other countries,  adolescents tend 

to begin smoking earlier than in  most parts of Europe. The proportion of smokers at 14, 16 

and 18 years of age has been constantly relatively high since the 1980s (Currie et al. 2000). 

The percentage of 14-18-year-old girls using tobacco products increased slightly until the 

beginning of the 21st century,  reaching  more than 25% (Fig 1.). The rising trend in smoking 

stopped and began to fall to the level of the beginning of the 21st century. Among boys this 

tendency was emerged even earlier. The proportions of daily smokers among 14-16-year-olds 

approached the lowest ever  measured figures from the year 1977. In 2005, 22%  of 14-18  

boys used tobacco products daily and 23% of girls correspondingly (Rimpelä et al. 2005). 
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Figure 1.    Proportion of daily smokers (%) among  young people in Finland 1979-2005. Source: 
Rimpelä A,  Rainio S, Pere L, Lintonen T, Rimpelä M (2005): Use of tobacco products and 
substance use in 1977 – 2005. Adolescent Health and Lifestyle Survey 2005. Reports of the Ministry 
of Social Affairs and Health, Helsinki 
 

 

   This early onset is so far seen as one of the major problems and causes of the discrepancy in 

adolescent figures still standing among the worst and adult figures among the best in Finland. This 

conception is supported by the fact that the prevalence for the age group 20-24 years is one of the 

lowest in Europe. The most recent studies (during the years 2003-2005) have shown that 

experiments with tobacco in Finland are now started somewhat later than before and this 

phenomenon will hopefully  continue (Rimpelä et al. 2005).   

    The Government Resolution on the Health 2015 public health programme (2001) outlines the 

targets for Finland’s national health policy for the next fifteen years. The main focus of strategy is on 

health promotion. There are targets for different age groups and in the case of smoking the goal is to 

reduce smoking by young people to less than 15% of those aged 16-18 (Fig. 2). 
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Figure  2.         Proportion of  daily  smokers (%) among 16-18-year-old girls and boys  since 1977  
and  target   for 2015.  Adapted from: Rimpelä, Vikat, Rimpelä, Lintonen, Huhtala. Young peoples` 
health habits  in 1999. Changes in smoking and substance use. National Research and Development  
Centre for Welfare and  Health, STAKES,  Themes 18/1999,  Helsinki 1999. 
 
 
 
Factors  contributing to young people`s smoking 
 
 

   Smoking in youth starts with the formation of attitudes and beliefs on smoking, trying, 

experimenting and gradually becoming addicted to smoking (Flay et al. 1983). 

  The literature documents a number of factors in relation to smoking among adolescents. These 

include for example the behavior, attitudes and expectations of parents and peers (Tyas et al. 1998). 

If parents, older friends and peers smoke, the adolescent is at a higher risk becoming a smoker. In 

the USA  studies have shown that the strongest predictors of adolescent smoking discovered are 

parental smoking,  best friends who smoke, dropping out of school, adopting early positive attitudes 

toward smoking, other risk-taking behavior and  poor academic progress (Glynn et al. 1993). 

  The role of parental smoking is shown to be related to the persistence of adolescent smoking (Flay 

et al. 1998) and to smoking trajectories showing early onset, rapid escalation of the habit and long-

term persistence (Chassin et al. 2000). As tobacco dependency shows significant heritability, 

parental smoking may reflect an important genetic influence (Health and Madden 1995). 

Psychosocial research has also  elucidated  the  role  of parental smoking  in terms of social learning  
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theory, hypothezing that modelling and access to cigarettes at home may raise the adolescents risk 

of smoking ( Flay et al. 1999). On the other hand, parental support has been shown to constitute a 

prominent protective factor against the onset of smoking (Simantov et al. 2000). 

   Pressure from peers is often considered to be one of the main factors underlying adolescent 

smoking (Engels et al. 1998). Many correlational studies (Allen et al. 2003, Andrews et al. 2002, 

Unger et al. 2001) have shown that adolescents who smoke are more likely than non-smoking 

adolescents to have friends who also smoke. Adverse life conditions, stressful events in life (Anda 

et al. 1999) and low self-esteem are also associated with a higher risk of regular smoking 

(Glendinning and Inglis 1999). Adolescent assume, that smoking will help them cope with the 

everyday stress to facilitate easier contacts with the opposite sex and expecially among girls, to 

control or reduce body weight (Verduykt  2002). 

   Smoking has also been shown to be connected with other types of risk behavior lifestyle. Youth 

smokers aged 12-17 for example are three times more likely to use alcohol heavily than nonsmokers 

(U.S. Department of Health and Human Services 1999) and tobacco is also suspected to be major 

gateway to   other forms of  substance use (Kandel 2002). Koivusilta  and associates concluded   

that a health-compromising lifestyle, (including smoking) in adolescence is an important 

mechanism from which educational health differences originate (Koivusilta et al. 1998). 

   Although adolescents are well aware of the adverse effects of  smoking, they  tend  to  

underestimate  the  virulence of  its consequences and their own vulnerability (Pallonen et al. 1998). 

Young  people fail to realize that  as  little  as  2 weeks` use of nicotine changes the brains` 

chemistry and addiction can set in. Adolescents are more sensitive to the rewarding effects of 

nicotine, which is one of the addictive components of tobacco. Adolescents who are less addicted, 

as measured by low frequency of cigarette use are more likely than daily users to quit (Sargent et al. 

1998). Health care workers should therefore focus on keeping occasional smokers from moving on 

to daily smoking status, where nicotine addiction begins to play a prominent role in maintaining the 

behavior.   

   Experts have consistently stated (Glynn et al. 1991) that the highest tobacco use rates are among 

those youths least likely to be reached by school-based programs. School dropouts were 6.46 times 

more likely to smoke heavily than were control students and they  reported poorer health than did 

their peers. Findings suggest that the relation between educational attainment and perceived health is 

mediated by cigarette smoking (Aloise-Young et al.  2002). 
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  Hill (1999) brought out an interesting opposing aspect  to the  depate on whether tobacco control 

programs should be targeted principally at adults or the young. He claimed with solid arguments 

that teenage smoking is unlikely to decline substantially unless and until adult rates drop 

substantially. According to him there is no  basis for defeatism about adult smoking when it is 

recognized that  quitting  among  smokers  is  a  majority  behavior by the time they reach their mid- 

forties. In the depate there is nowadays no dispute that in the long run public health efforts to reduce 

smoking must be targeted both at the  young and adults (Myers 1999). 

 

 
 
VALIDITY OF SELF-REPORTED SMOKING 
 
 

 Problems with the validation of self-reports 

 

   Data on adolescent smoking habits are generally obtained by  self-reports, in which the reliability 

has been fairly high, 88-100% (Barnea et al. 1987, Needle et al. 1983). Reliability can be definid as 

the extent to which a measurement instrument yields consistent, stable and uniform results over 

repeated observations or measurements under  the same conditions each time. There are two ways by 

which reliability is usually estimated: test/retest and internal consistency. 

   Infrequent smokers constitute the group which causes inconsistencies in adolescent reports. Also  

adolescents may under- or overreport their smoking behavior, this been difficult to correct in 

reliability measurements (O´Malley et al. 1983, Reinisch et al. 1991).   Self-administered 

questionnaires are a cheap method of assessing self-reported smoking status. Questionnaires  are 

noninvasive for the test  persons and the  confidentiality of  information reduces the refusal rate 

among participations. Self-reported information can be used to measure behavioral change, to 

evaluate the  exposure risk or to study pathways to smoking cessation. 

     To tackle the problem of under -or overreporting two approaches have commonly been used:1) 

using objective measures for validating self-reports or 2) using procedures for improving validity, 

for example the pipeline method. Biochemical measures are most commonly used as an objective 

tool. In the pipeline method (Jones and Sigall 1971) subjects are convinced that the reseachers can 

by  an  objective  measure  independently  verify  their  self-reported  smoking  habit. Validity can be  
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defined as the best available approximation to the truth or falsity of a given inference, proposition or 

conclusion.    

    The possibility of using reliable and validated instruments when assessing smoking behavior is 

essential. The validity of self-reports is often questioned by reason of the common belief that 

smokers tend to exaggerate their behavior in a socially acceptable direction. Early investigations 

have shown that up to one fourth of those claiming abstinence did not tell the truth (Haley and 

Hoffman 1985, U.S. Department of Health and Human Services 1990).  

    The availability of more accurate physiological tests has helped researchers to check the validity 

and reliability of self-reports. In measuring the accuracy of self-reports by biochemical measures  

2x2 tables are often used (Fig. 3.). Accuracy is the degree of veracity or the proportion of true 

positives and true negatives in a population. 

 

 
                               Results of  biochemical test  using definite cut-off points 
 
 
                                                                 Yes         No 
 
 Self-reported                            Yes            a             b 
 
 smoking                                   No              c            d 
 
 
 
 Figure 3.  The 2x2 table.  Measurement of accuracy. 
                
 

 

    Sensitivity and  specificity are  the  two measures of accuracy usually  applied  in validitating an 

analysis. Sensitivity may be defined as a/a+c (the proportion of respondents with a positive level on 

the biochemical index  measuring smoking. Specificity d/b+d    can be defined as the proportion of 

respondents with a negative level on the biochemical measure who reported non-smoking.                     

   Two major strategies have been adopted to improve the validation of adolescent self-reported 

tobacco use. In the bogus pipeline method (Murray et al. 1987) the participants are informed in 

advance that self-reports can or will be objectively verified by means of a biochemical test. In 

reality no verification takes place; specimens are collected but not analysed. 
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   Smoking questionnaires can be developed by means of  items validated in  different populations. 

There are some ready-to-use instruments to evaluate  smoking behavior: the Fagerström Test on 

Nicotine  Dependency  (Heatherton et al. 1991) and  the  Prochaskas  model  test  (DiClemente et al.  

1991, Prochaska and DiClemente 1983 ). The Fagerström test is used when testing the strength of 

smokers` addiction and the Prochaskas model evaluates smokers individual stage in the quitting 

process. The Fagerström test has some limitations in use with adolescents. Several items in  the test 

are difficult to apply to experimenters or moderate smokers, and  internal consistency  is low (Etter 

et al. 1999, Lichtenstein  et al. 1986).  

   The content validity of a questionnaires may be assessed by examining the relevancy of the items 

related to the study aim (Haynes et al. 1995). This  may be done by asking smoking cessation 

experts to analyse the questions` relevancy in relation to smoking behavior. The internal 

consistency of a questionnaire  may be tested by ensuring that the participants understand all the 

questions. 

   Hennrikus and colleagues (2005) compared reports of smoking status provided by adolescents 

aged 14 to 17 years during  phone interviews and reports  of smoking on a  health history form 

completed  during a dental visit. It was noted that adolescents underreported tobacco use on the 

health history forms. The form identified  57% of   those who  reported  having  smoked  daily  and  

only 38% of those who reported having smoked in the previous 30 days during  the phone 

interview. The researchers propose that adolescents who smoke do not label themselves as smokers. 

This may be due to infrequent smoking or social pressure felt when completing the form. 

 

 

Biochemical methods 

 

   Biochemical  methods are widely used in when validating self-reports  of  smoking. Biochemical  

assessments  are  primarily  for assessing the point prevalence of current tobacco use (Velicer et al. 

1992). Smoking levels are often evaluated by measuring components or by-products of inhaled 

smoke in the urine, saliva or serum, biochemical markers being cotidine, thiocyanate, nicotine and 

carboxyhemoglobin.  
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   Cotidine concentrations can be measured in the serum (Langone 1973), urine (Greenberg et al. 

1984) or using saliva samples (McNeill et al. 1987, Kandel et al. 2006). Urinary cotidine is often 

used by reason  of  relatively easy collection,  and  concentration analysis in fluids can be done by 

radioimmunoassay (RIA) (Haley et al. 1983)  or  gas  chromatography-mass  spectrometry 

(Benowitz  et al. 1983). Cotidine is also sensitive in detecting adolescent smokers, who tend to 

smoke  at  lower  rates  than  do adults. Cotidine has  a relatively  long half-life (about 15-30 hours),  

good stability throughout the day and excellent accuracy in marking smokers. The main 

disadvantage in its use as a marker is its high cost. 

   Serum thiocyanate can be measured in smokers by the trace amounts of cyanide present in 

tobacco. It can also be analysed in urine or saliva. Thiocyanate  has  a long  biologic  half-life 

(about two weeks). The major disadvantage in its use is the fact that some leafy vegetables, nut and 

beer may influence thiocyanate levels (Komro et al. 1993). Luepker and associates  (1981) support 

the use of salivary concentrations of thiocyanate as a non-invasive biochemical method of detection 

among adolescents. The main advantages of thiocyanate  in validitation are its long half-life, its not 

being affected by  time of  day and its cheapness. 

   Nicotine itself can also be measured in  blood, urine or saliva samples. It  has a particularly  short  

half-life (about 30  minutes), which prevents its use as an adequate marker of tobacco consumption. 

   Carbon monoxide (CO) displaces oxygen  in the blood, forming carboxyhemoglobin (COHb). 

COHb can be  analysed in blood or breath samples. Alveolar air CO is directly related to the level 

of COHb, which is related to smoking. Levels of CO are usually  measured with CO analysers. The 

main problems in analysis are its short half-life (about 3-4 hours) and the possible effect of second-

hand smoking.  The advantages are its low costs, non-invasiveness and immediate feedback. Other 

biochemical measurements are more expensive in terms of both equipment and laboratory time, 

invasive and inconvenient, and may cause subject non-compliance. With adolescents the 

unestablished patterns of smoking and inhalation, on the other hand, may distort some individual 

results. 

    Biochemical validation is often considered to be a “gold standard”(= considered more accurate 

than self-reporting of smoking habit) in validation studies. However, despite their assumed 

objectivity  biochemical measures do  not in fact  provide an absolute gold standard. They are also 

not perfect measures of accuracy for use in  assessing  criterion  validity, this   due to different weak 

points every biochemical validation method has (short half-life, refusals, disturbing foodstuffs in 

analysis). 
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 Validating self-reported smoking status by simultaneous measurement of carbon monoxide and 

salivary thiocyanate, Morabia and colleagues (2001) concluded that this comparison of 

questionnaire data  with  the simultaneous measurement  of salivary thiocyanate and expired carbon  

monoxide indicated that valid responses can be obtained for self-reported, current smoking in 

population-based surveys. However, they noted that the validity of questionnaires can be 

underestimated if the gold standard (of exposure to tobacco smoke) is either high levels of carbon 

monoxide or high levels of salivary thiocyanate. 

 

  
 
SMOKING CESSATION PROGRAMS FOR HEALTH PROFESSIONALS 
 

Cessation methods in general 

 

     Evidence-based medicine supports the development of three main types of intervention  for 

health care professionals: 1. brief intervention made by health professionals in their routine work 2) 

more intensive support  by treatment specialists (in smokers` clinics) 3) pharmacological aid with 

the help of nicotine replacement therapy (NRT) and bupropion (First WHO European 

Recommendations on the Treatment of Tobacco Dependence 2001). 

   An effective model to assess a person’s willingness to change smoking  behavior is Prochaska  

and DiClemente’s Transtheoretical Model, commonly known as the Stages of Change (Fig.4). By 

asking a few basic questions, this model gives clinicians insight into whether a tobacco user is ready 

to quit, and if so, when (Prochaska and DiClemente 1983). According to this model cessation 

theoretically takes place in  five stages over time: precontemplation (any consideration of quitting), 

quitting, contemplation,  preparation (decision),  action (cessation) and maintenance. 
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Figure 4.             The process of cessation in stages and the various interventions used during the 
process  (adapted from Prochaska JO and  DiClemente CC, (1983): Stages and processes of self-
change in smoking: towards an  interactive model of change. J Consult Clin Psychol 51:390–395). 
 
                                                        Decides and prepares to quit 
                                                               (preparation stage) 
 
 
 
 
 
                    
           Considers quitting                                                    Tries to quit 
        (contemplation stage) 
 
                                                                                                         
 
 
 
 
  Does not consider quitting          Starts smoking again     Quits smoking 
                                                           (relapse stage)            (action  stage)            
 
 
                                                                                                           
               Is  unaware (pre-contemplation stage)        Stays without tobacco (maintenance stage) 
                                                                                                   
 
   The health care professional needs first to determine the stage the patient has reached, whereafter 

it is possible to offer encouragement and support with the right direction and timing. 

   The designers  describe a series of stages  people pass through in the course of changing problem 

behaviour such as smoking. Motivation is understood in their theory as a person’s present stage or 

readiness to make changes. External  factors may influence this stage. In counselling, health 

personnel must identify correctly  each  adolescents` current stage of readiness to change. 

Prochaska and DiClemente observed that smokers often need to go through the process  three and 

even seven times before they succeed in quitting. 

    The Health Behavior Change (Rollnick et al. 1999) is another strategy available to health care 

professionals to help accurately assess whether a patient is ready to quit. The clinician is 

encouraged to explore: 

 

1. How important quitting is to the patient 

2. How confident  the patient feels in the ability to succeed  in quitting - self efficacy 

3. How ready the patient is to quit at this time 

 

  

Motivation, 
CO measurements, 
cessation information leaflet 

Fagerström test for nicotine 
dependence, tailoring nicotine 
replacement therapy, other medical 
treatment, cessation information 
leaflet

Monitoring, encouragement, 
relapse prevention, CO 
measurement, medicines for 
withdrawal treatment, 
cessation group therapy  Anti-smoking 

 campaigns 

Situation reassessment, 
try to quit again 

Praise and encouragement 
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 This is also a relatively non-offensive  means of helping the patients focus on what they are 

actually ready to do and helps the clinician decide on what intervention would be most appropriate. 

     A Clinical Practice Guideline for Treating Tobacco Use and Dependence (2000) – this 

recommendation states that  health care personnel have nowadays a great opportunity to reduce 

tobacco use rates in that 70% of the smokers try to stop their smoking totally, 46% try to quit 

annually and effective and evidence-based methods are  now available. This guideline suggests the 

use of the 5 A`s (Table 1). 

 

Tab.1. The 5 A`s. Adapted from the PHS Clinical Practice Guidelines. Treating Tobacco Use and 
Dependence, 2000. 
 
 
5 A`s            Brief tobacco cessation intervention (dental hygiene/dental visit)  
Ask • Identify all tobacco users-new and existing patients 

• Health history should include frequency of tobacco use, amount, type and if they 
have thought about quitting 

• Verbally clarify the tobacco use information on the health history 
                                Establish the Stage of Change 

Precontemplation: Not interested in quitting 
Contemplation: Planning to quit in next six months 
Preparation: Planning on quitting in the next 30 days 
Action: has quit within the past month 
Maintenance: Has not used tobacco for at least six months 

• Flag the patient`s record to indicate tobacco use-sticker, symbol 

 
 

Advice • Advice the tobacco user to quit 
• This could be done during the health history review, during oral cancer screening or 

periodontal evaluation. Sensitivity, empathy, active listening, and personalizing the 
message are key elements when advising a patient to quit. 

 

Assess • Assess the patient`s williness to quit using the Stage of Change section of the Health 
History or verbal inquiry: 
 Precontemplation: Utilize the 5R`s or discontinue intervention 
 Contemplation: Utilize 5R`s and provide information 
 Preparation: Provide assistance 
 Action: Provide assistance 
 Maintenance: Congratulate and encourage them on a great choice 

 

Assist • Help the patient with a quit plan; set a quit date before the appointment is made: 
make a note in their chart. 

• Give them a resource packet (how to quit pamphlets, quit assistance in the 
community, quit hotline or web site, problem solving strategies). 

• Discuss the use of nicotine replacement therapies or bupropion SR. 
• Offer this information as a part of the educational component of the dental hygiene 

appointment. 
• If more assistance is needed, refer to Tobacco Dependence professional. 

 

 
 

Arrange • Provide follow-up in approximately one week after the appointment-by phone or 
letter 

• Follow-up intervention at next dental appointment. If the patient is using tobacco 
again, encourage them and continue to provide assistance. 

 

 
 
 

 
"5 R's": relevance, risks, rewards, roadblocks, and repetition. 
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   Delivering different types of health education and health promotion is one of the key roles for 

health care professionals. Purchasing treatment for tobacco dependence represents a cost-effective 

way of  reducing ill health and prolonging life. Health professionals should use tobacco dependence 

treatment and choose evidence-based intervention methods appropriate for local circumstances. 

    Health professionals should be trained to advise and help smokers to stop smoking. Education 

should be started at under-graduate or basic level and continued at the clinical and post-graduate 

levels.    

   The Finnish Current Care Guideline in smoking, nicotine dependency and interventions for 

cessation (Käypä hoito–suositus 2002) recommendation presumes that the opportunity to discuss 

smoking should be offered to all smokers and that physicians and dentists should have obligations 

to take up the subject of smoking every year. The “Six A`s” (Table 2.) in the Finnish 

recommendation instead of the 5A`s will assist clinicians in this task. The only difference in these 

recommendations is that the Finns emphasize more accounting  and recording of  tobacco use 

status. 

 

Tab.2.  The "Six A's of Abstinence", recommended for use in helping patients quit smoking.  

 

Ask about the patient's tobacco use status at least once a year. 

Assess the patient's willingness to stop smoking. Talk with the patient about quitting.  

Keep an Account of tobacco use status. Record amount and duration of smoking.  

Advise the patient to quit. Commence treatment when needed.  

Assist the patient in quitting. Give positive feedback and remit to other treatment when 

appropriate.  

Arrange monitoring of progress during ensuing visits.  

 

  The Finnish guideline also states that even greater benefit comes from multiple patient encounters 

with a variety of health care professionals contributing to the intervention process. The key 

elements in successful cessation seem to be: the number of patient encounters during the 

intervention  process (Hulscher  et al. 2005), the  duration  of   the  intervention  process, the type of  
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encounters (multiprofessional) (Kottke et al. 1988) and the mode of encounters (individualized) 

(Lancaster and Stead 2005). 

   Secken-Walker and colleagues (1994) compared the smoking cessation counselling activities of 

six types of health professional. Physicians, family planning counsellors, WIC counsellors were 

active in counselling and providing advice compared with mental health  counsellors, dentists and 

dental hygienists. Specific activities such as setting a quit date, arranging follow-up or further help 

took place  very  seldom. Kottke  and  associates (1988) analyzed  the  attributes  of  successful  

smoking cessation intervention in medical settings. The meta-analysis showed that face-to-face 

intervention had a better effect than other modes and the use of several intervenors (both phycisian 

and nonphycisian counsellors better than either alone) was useful. Also the number of interventions 

and the long duration of the sessions predicted good success. 

 

 

 

Physicians` interventions and the activity of other health care professionals 

 

    Most of the literature on the impact of  advice by health professionals on the behavior of smokers 

has involved physicians. Pederson (1982) concluded that patients with severe smoking- related 

diseases and those with direct dangers from smoking were the groups which best toed the line with 

advice. 

   Many studies have shown that physicians rather seldom advised their patients about smoking. In a 

study from 1978, two-thirds of   smokers reported  that  they had never  been advised to quit by 

their physician (Health Maintenance Survey 1978), and 44% of smokers gave the same answer in 

1987 (Anda et al. 1987). In Finland the majority of smokers (80%) had consulted a doctor during 

the previous year, but only one fifth of them had been advised to stop smoking (Helakorpi et al. 

2005). 

    Slama and the colleagues (1995) studied the effectiveness of minimal intervention by general 

practitioners in a randomized, controlled study in France. At 12 -months follow-up smokers 

receiving the intervention were four times likely to remain abstinent than  controls. Studies show 

that a three-minute-long discussion between the doctor and the patient about smoking has an even 

greater effect (Fiore 2000, West et al. 2000, Silagy and Stead 2001). The opportunity to discuss 

smoking should be offered to all smokers and this should be possible at every doctor's appointment.  
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   Wilson and group (1988) used the criterion of at least three months of abstinence when assessing 

a randomized trial with trained physicians in  experimental intervention. The process involved 

advice, setting a quit date, nicotine  gum and a follow-up visit. As a result, 8.8% of  patients stopped 

smoking. 

    Follow-up appointments for patients during the intervention process can facilitate progress. In 

general, more time spent on patient assistance spread over several visits also seems to make an 

intervention more effective (Lancaster and Stead 2005, Hulscher et al. 2005). 

   Traditionally  physicians  have  emphasized a biomedical model in their counselling, which has 

been   oriented   towards   diagnosis   and   treatment  of  diseases. This  has  occasionally  led  to   a  

paternalistic and directive style with patients, which is less likely to lead to change in  behavior 

(Engel 1977). 

   Based on a series of clinical trials, the National Cancer Institute  developed  a program (How to 

Help  Your Patients to Stop Smoking) (Glynn and Manley 1988) for physicians helping their 

patients to stop. The manual provides the  necessary smoking cessation techniques for their practice. 

Recommended interventions were simple and brief and the manual helped parents create a smoke-

free environment for their children.                                                                                                                            

   Counselling by a nurse, a health visitor or  some other health care professional alone also has a 

positive effect (Rise and Stead 2006) in health checks and prevention activities. The Cochrane 

review showed, however, that the  success in quitting smoking was best in hospital settings. Nurse-

managed interventions have also been found useful with pregnant women and  hospitalized patients 

(Lumley et al. 2004, Meenan et al. 1998) and with patients with tobacco related illnesses (diabetes, 

myocardial infarction, lung cancer) (Canga et al. 2000,  Taylor et al. 1990, Silagy  and Stead 2001). 

 

  

Dentists in smoking cessation interventions 

 

   Dentist are ideally placed to give smoking cessation advice and assistance to their patients (Davis 

2005). If a dentist advises them to do this, about 50% of the smokers report that they would do so 

(National Institutes of Health 1994). It would appear, that dentists try to assist smokers with 

smoking cessation, but only few do so as a routine part of their work. Clover and associates (1999) 

found high levels of smoking cessation interventions with patients. This included advising patients 

of the adverse effects of smoking, asking about quitting interests and advising clients to stop. 

However, it   has  been     observed (Dolan et al. 1997, Wood et al. 1997) that   these    activities  are    
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not  systematic  and   the dentists do not routinely ask about smoking or document tobacco use. In 

the 1996 Study of Tobacco Use Cessation Efforts  Among Dentists it was reported that 60% of 

dentists do not routinely ask about smoking and barely 24% of smokers who had seen a dentist in 

the past year reported that the dentist had advised them to quit (Tomar et al. 1996). Campbell and 

Macdonald (1994) noted that dentist could expand their role as tobacco counsellors. Over 90 % 

agreeded  that  the  dentist  should  show leadership and set a good example. However, only 60-70%  

indicated activity in helping patients to quit, and 25% indicated that intervention was not 

appropriate. Chestnutt and Binnie (1995) examined dentists` opinions in Scotland on counselling 

their patients to give up smoking. The results showed that over half (55%) of the respondents 

thought the dentist had a role in anti-smoking activities with patients, 24% were uncertain and 21% 

felt the smoking issue was outside their territory. The attitudes of dentists regarding smoking 

cessation and prevention in child and adolescent patients was recently studied in Saudi Arabia also 

by a group under Wyne (Wyne et al. 2006). The majority of respondents thought it was part of their 

responsibility (69%), but 37% thought their counselling would not be at all effective and 38% only 

moderately effective. The majority (59%) were either not at all confident/somewhat confident in 

their ability to help adolescents with smoking cessation. Secken-Walker and colleagues (1989) 

made a statewide survey of dentists`smoking cessation advice in the USA. As many as 87 % of  

dentists reported discussion with their smoker patients.  

 

     A smoking cessation programme conducted through dental practices in the UK has been 

analyzed by Smith (1998). In addition to dentist counselling, nicotine patches were made available. 

Compliance in  attending follow-up was poor; only 74 of the 154 subjects attended. Among them 

11% were successful in giving up tobacco. A smokeless tobacco cessation intervention targeted at 

college athletes was more effective: the cessation prevalence was as high as 35% in the intervention 

group (Walsh et al. 1999). 

     Macgregor (1996) studied a group of periodontal patients receiving smoking   reduction  advice  

in  combination  with  dental  health instruction and periodontal care. Patients  were given 4-6 

minutes` information on the adverse  effects  of  smoking for  periodontal health. Fifty per cent of 

intervention subjects  reported  reducing  to half or less than half of  their  initial cigarette 

consumption  and  the smoking cessation rate in  the group was 13.3%. Gordon (2005) and her 

group estimated the impact of brief tobacco-use cessation intervention in public health dental clinics 

by analyzing differences in self-reported quitting after intervention activities. They found signicant 

differences between intervention and control groups, OR 4.85 after three  and 5.25 after six months.  
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However, the researchers commented that the patients in public health clinics in Oregon were low-

income and  with a high percentage of smoking patients. A large adolescent tobacco-use prevention 

trial in orthodontic offices was conducted in California by Howell and colleagues (1996). 

Differences in the two-year tobacco incidence rates between  the control group and the experimental 

group did not reach significance. Experimental group offices received tobacco prevention training, 

anti-tobacco materials and 50 cents for each anti-tobacco ”prescription” written. This outcome 

reflects the problem in  achieving  good results with adolescents.  

    In the latest Cochrane review by Carr and Ebbert (2006) concerning interventions for tobacco 

cessation the researchers assessed the effectiveness of interventions offered to cigarette smokers and 

smokeless tobacco users in the dental office or community setting. Interventions conducted by oral 

health professionals increase tobacco abstinence rates (OR 1.44) at 12 months` or longer follow up. 

These results were more evident in smokeless tobacco users.  

    Fried and Cohen (1992) explored above all dentists` attitudes regarding tobacco issues and 

sought to assess dentists` interest in attending skill development workshops on tobacco-use 

interventions. They observed that dentists own behavior (smoking) was associated in many 

attitudinal variables, including dentistry`s role in anti-smoking work; 82% believed cessation advice 

is the dentist`s responsibility but less than half saw cessation interventions as a practice builder. 

   The first national survey in USA from 1967 revealed that 34% of dentists smoked. In  1989 

Gerbert and  group  reported   smoking   rates   of  only 4% among dentists. The tendency  in the 

States  has  been  for dentists, like physicians, declining rates and also to smoke substantially less 

than the general adult population on the average (Wilhelmsen and Bernow 1988). Geboy (1989) 

also reviewed smoking practices among dentists, attitudes towards involvement in smoking 

counselling and finally their counselling activities in the USA. He also demonstrated a decline in 

the percentage of dentists who claim they smoke. 

   Cohen and associates (1989) undertook  a randomized controlled trial with private practice 

dentists. They noted that access to  nicotine gum increased the amount of time spent in smoking 

counselling. In determining dentists` smoking cessation advice in a statewide survey in Vermont the 

researchers observed that  87% of the dentists discussed about smoking with their patients who 

smoke. Secken-Walker and group (1989) also estimated  dentists to use an average of 2.4 minutes 

on  these issues with patients. The majority of dentists who took on  antismoking activities gave 

advice to their patients on how to change smoking behavior. The larger the proportion of smokers 

advised to change their smoking  behavior, the greater the dentists` willingness to undergo specific 

training and to give their patients incentive help. 
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   A large population study (1200 adults) in Finland revealed that only 8% of daily smokers had 

been advised by their dentist to quit; 14 % of  daily smoking patients reported having discussed 

smoking with their dentists during dental visits (Telivuo et al.1996). Telivuo studied earlier Finnish 

dentist tobacco counselling. Only 4% of  dentists reported always advising and 15% often advising 

their patient about smoking (Telivuo et al. 1991). The  majority  of   dentists  agreed  on  the dentist` 

responsibity  to take  part in  smoking education and their ability to advise patients to stop smoking. 

 Murtomaa and Telivuo (1988) reported in an earlier study of dentists in private practice that there 

were also problems in the attitudes even to dental health education. Economic profitability was 

considered to be the largest hindrance to health education in practice. Also older dentists mentioned 

the lack of appropriate material and their individual counselling abilities as barriers of health 

education. 

   When comparing dentists with other  health  care professionals  in relation to anti-smoking 

activities Block and colleagues (1999) found that even if dentists more often than others are more 

likely to accurately estimate their patient`s tobacco use,  they seldom undertake tobacco 

interventions. He also reported that dentists were less likely to claim strong tobacco cessation skills 

or knowledge levels and more often to have barriers to interventions compared with other health 

care professionals.   In the dentists’ survey, only 17% of San Francisco Bay area dentists said they 

frequently discussed smoking cessation with their patients who smoke, in contrast to 58% of a 

similar group of Bay area internists, who said they frequently counsel smokers (Gerbert et al. 1989). 

Dentists attributed their lack of counselling to inadequate insurance coverage, insufficient time, lack 

of training, and apprehension that patients might become irritated and leave their dental practices. 

    A study was made by a group under  Stacey (2006) to determine the attitudes and activities of 

dental professionals (dentists, dental nurses and dental hygienists) as well as the barriers to smoking 

cessation advice. The majority of dentists and hygienists asked about smoking status and all the 

professionals believed hygienists and dentists should offer smoking cessation advice. Lack of 

reward, time and training were identified as the major problems in carrying out anti-smoking 

activities. 

   Ojima and associates (2005) noted an interesting point when studying the stage progression of 

dental patients following brief smoking intervention.  When  measured by a  modification  of 

Prochaskas`s model they made changes in stage progression so that more than half of the patients 

who had not prepared for cessation prior to intervention and all the patients in the preparation 

period reported smoking cessation following  brief interventions. 
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Brief intervention method 
 
 

   A brief intervention means a time-limited intervention focusing on changing patient behavior. The 

approach is by nature mainly motivational using counselling skills to reduce or stop tobacco 

consumption. A brief intervention usually takes some minutes of information and advice  to one to 

four sessions of motivational counselling. 

    Babor (1990) desribed the features of a brief intervention appropriate to primary health care 

settings. Low cost, modest time and resource investment, emphasis on self-help and self-

management. Early interventions may according to Werner (1995) be distinguished from 

prevention) in that they are targeted at specific individuals rather than the general population. The 

acronym FRAMES summarizes (Werner 1995) the key elements of  brief intervention (feedback, 

responsibility, advice, menu of strategies, empathy and self-efficacy). 

  The brief intervention method has been widely used  with success with excessive drinkers 

(Sommers et al. 2006, Vasilaki et al. 2006). Hence it has also been in use in Finland in primary care 

settings and projects of occupational health and is  also  a part of the Finnish Current Care 

Guideline in the treatment of alcohol abuse (Käypä hoito -suositus 2005). 

   Brief intervention trials have usually been evaluated for a wide range of activity from a single 

session of structured advice delivered by a doctor or nurse through to a multiple sessions of 

motivational interviewing or counselling accompanied by several follow-ups conducted by various 

personnel in primary health care. 

   Brief interventions are recommended for use with all populations, including pregnant women and 

adolescents (A Clinical Practice Guideline for Treating Tobacco Use and Dependence 2000); only 

the use of NRT products needs consideration. It can be used with different types of patients: current 

smokers wishing to make an attempt to quit, current smokers unwilling to quit now and former 

smokers who have recently broken the habit. 
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 IMPLEMENTATION OF SMOKING CESSATION METHODS WITH ADOLESCENTS 
 
 
 

   Over the past decades tobacco control efforts for young people have  concentrated on prevention. 

The lack of interest in  cessation has been based on several assumptions: 1) prevention is more 

effective 2) adolescents can stop smoking more easily in that they are not dependent on nicotine 3) 

adolescents have not been interested in stopping smoking 4) adult programs could be used 

effectively also with adolescents. It has nowadays, however, become evident that smoking cessation 

interventions are also needed for adolescents. 

   The spontaneous or unassisted quitting rates are low and do not differ from those among adult 

smokers. There is also clear evidence that 20 to 68 % of adolescent smokers may be classified as 

nicotine-dependent (Colby  et al. 2000). A large Australian study of 14-16-year-olds showed that 43 

% of smokers were currently thinking about smoking and 55 % had tried to stop in the past year. 

Even  if  adolescents  want  to  stop  smoking  they  either do  not recognize adult quitting programs 

or they experience them as abstract. 

   Many adolescent intervention studies have encountered methodological problems. Poorly 

described interventions and methods, insufficient measures of cessation, brief follow-ups and poor 

retention rates. Study of teenage cessation programs has suffered from very small numbers of 

participants and subject characteristics (baseline smoking levels). Reports have mostly only 5-12 

months follow-up periods possibly  too short to give reliable results. It is easier to make an impact 

with adults than with adolescents in intervention studies, as the adults often have stable and high 

base levels of smoking. 

   The current state of smoking prevention and cessation programs among adolescents has in many 

cases developed without a study of the mechanisms of widespread realistic application and use in 

practice. Recently greater emphasis has been placed on real-world effectiviness studies (Holder et al. 

1999). There is still the question about of the efficacy of brief intervention in a naturalistic 

environment and of putting research findings into practice in routine primary health care. In this area 

of smoking research there is a lack of scientific knowledge.  
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THE ADVERSE EFFECTS OF SMOKING ON ORAL HEALTH 

 

Discolorations 

 

   The most visible and immediate dental manifestation of smoking is tooth coloration. Tobacco 

smoking causes discoloration of the teeth, gums, dental restorations and dentures. The effect of 

smoking is more severe than that of the consumption of coffee and tea. Tar stains also become 

adsorbed into dental plaque and are difficult to remove. When they get near any restoration work 

they will also be adsorbed through micro-leakages between the restoration and the tooth surface. A 

national representative study with over 3 300 UK adults interviewed (Alkhatib et al. 2005) showed 

that 28 % of  smokers had moderate or severe stainings in their teeth. Non-smokers reported 

discoloration in only 15 % of cases. Tobacco stains may be yellow, brown, dark brown or black in 

color. Their severity is dependent on the duration and the frequency of the smoking habit. 

    Melanin pigmentation of the oral mucous membranes is normally seen in colored races. In North 

European Caucasians, however, it is far less prevalent (about 10%) and normally with a subtle 

appearance. Heavy cigarette smokers show a pigmentation prevalence of about 30% (Axell and 

Hedin 1982), thus giving rise to the designation smoker’s melanosis (Hedin 1977), which is most 

prevalent on the attached gingiva. Melanosis has no symptoms  and the change is not premalignant. 

 

Saliva 

 

     Some authors have described possible degenerative changes in the salivary  glands and excretory 

ducts caused by smoking (Christen et al. 1991, U. S. Department of Health and Human Services 

1986). No difference has, however, been found between smokers and nonsmokers in the long term 

(stimulated or unstimulated) salivary flow. In  analyzing the stimulated salivary secretion rate 

(SSSR)  Swedish researchers (Axelsson et al. 1998)  found  that male smokers had higher SSSR 

than the non-smoker group. In the short term smoking increases the flow rate of the parotid gland. 

     The results of  studies of pH in  saliva and buffer capacity between smokers and nonsmokers 

have been equivocal. The pH of saliva rises during smoking (Kenney et al. 1975), but over a longer 

time periods smokers have lower pH in paraffin-stimulated whole saliva and the pH is negatively 

correlated with saliva nicotine concentration (Parvinen 1984). Buffer capacity  was  earlier  found to  
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be lower in smokers (Heintze 1984). This was not confirmed by a subsequent study by Olson and 

associates in 1985. However, the most recent study (Wikner and Söder 1994) again showed a 

reduced buffering capacity in  smokers.  

     There are reports  that IgA and IgA2 and J-chain concentrations are higher, (Gregory et al. 1990) 

but lysozyme and lactoferrin concentration lower with smokers (Gregory et al. 1991). Reduced 

binding of the secretory component to the IgA/J complex in smokeless tobacco users has also been 

reported (Gregory et al. 1990). 

    Sakki and Knuuttila (1996) noted that smoking was strongly associated with higher lactobacilli 

counts and the  presence of yeasts. However, the relation between smoking and mutans streptococci 

in saliva was weak. 

     The concentration of thiocyanate, a product present in tobacco and in normal saliva, is increased 

in the saliva of smokers (Tenovuo and Mäkinen 1976). Nicotine and cotidine appear in the saliva of 

smokers and their concentrations are often used in detecting the habit. 

 

 

Dental caries 

 

   

    Some studies link smoking with dental caries, most of them involving adults. Jette and colleagues 

(1993) observed with older subjects that tobacco smoking was a significant risk factor for coronal 

and root caries. Coronal and root decay  in older adults was also affected by  smoking (Locker and 

Leake 1993, Locker 1996). Other studies have also shown that smoking may be associated more 

with root surface caries than with coronal caries (Ravald  et al. 1993, Tomar and Winn 1999). 

Axelsson and group (1998) studied relationships between smoking and dental status in 35-,50-,65-, 

and 75-year-old individuals. The number of intact tooth surfaces was lower in all age groups  of 

smokers than non-smokers. The same tendency was observed  in the number of missing surfaces, 

this being higher at the ages of 35, 50 and 75 with smokers. Also in a recent study with HIV-

seropositive women Phelan and colleagues (2004) found an increased root caries incidence among 

smokers. Most cross-sectional studies have used DMF index (or some variation) in measuring caries 

prevalence (Hirsch et al. 1991, Thomas et al. 1994, Locker 1992). The  most  prominent  differences  
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in numbers of caries experience surfaces in studies between smokers and non-smokers were found 

in studies using DMFTS (Zitterbart et al. 1990, Axelsson et al. 1998). 

    Only a few studies have been done with adolescents. Hirsch and associates (1991) showed that 

smoking as a habit and  an increased number of cigarettes smoked  had  a  positive correlation to the  

DMFT index and to the number of initially decayed proximal surfaces. Dietary and oral habits as 

confounding factors were not taken into account, for which reason the definite causative role of 

smoking cound not be ascertained. There are only few studies on the associaton between smoking 

and caries controlled for potential confounding factors. Diet, use of dental services, oral hygiene 

habits and socioeconomic status have only in some cases being taken into account when examining 

the association between smoking and dental caries. Bruno-Ambrosius and colleagues (2005)  in a 

study among Swedish female teenagers noted that some bad eating habits and smoking were 

significantly associated with a caries increment in the eighth grade. On the other hand toothbrushing 

habits had no significant influence on caries progress. A few studies have noted  also the cumulative  

and irreversible feature of DMFT index (Axelsson et al. 1998, Hirsch et al. 1991); this may be 

associated with age even if this is not actually a risk factor for the incidence of dental caries. 

    Reduction of passive smoking has proved to be an important factor for promotion of children`s 

dental health (Aligne et al.  2003). Elevated cotidine levels were significantly associated with 

decayed (odds ratio 2.1) and filled deciduous teeth (1.4). This effect was not shown with permanent 

teeth. The relationship persisted after adjustment for age, sex, race, family income and frequency of 

dental visits. Williams and associates (2000) also found that maternal smoking was a significant 

risk factor predicting a caries risk in 3-4.5-year-old children even when social class was taken into 

account. The same association was studied by a group under Shenkin (2004) with children aged 4-7 

years with corresponding results adjusting for age, socioeconomic status, toothbrushing frequency 

as confounding factors. Environmental tobacco smoke was associated with an increased risk of 

caries among 4-7-year-old children. Bolin and colleagues (1997) studied a large sample of 5-and 

12- year-old-children in eight EU countries for the effect of certain sociodemographic factors on  

dental health. They established  the social class of the family and mothers`s smoking habits and in 

5-year-olds the number of siblings as the main risk factors for caries. 
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Periodontal diseases  
 
 

Microbiology and immune function 

 

 

  The composition of the subgingival periopathogenic microflora would not appear to differ when 

comparing smokers and nonsmokers (Preber et al. 1992, Stoltenberg et al. 1993). Stoltenberg 

studied   the   prevalence    of    five     bacteria    commonly  associated  with   periodontal   disease:  

Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, Prevotella intermedia, 

Eikemella corrodens and Fusobacterium nucleatum. Recent studies, however, give evidence that 

smokers are more likely than nonsmokers to harbour specific periodontal pathogens. Zambon 

(1996) studied the risk of subgingival infection among smokers/former smokers and nonsmokers. 

Smokers had a higher risk of infection with Bacteroides forsythus (OR=1.54), A. 

actinomycetemcomitans (OR= 1.40) and  P. gingivalis (OR=1.16) than non-smokers. Current 

smokers had a greater risk than  former smokers. 

    The amount of plaque does not appear to differ between smokers and nonsmokers (Alexander 

1970, Macgregor et al. 1985, Bergström 1981, 1990, Lie et al. 1998 ) although some earlier studies 

have found smokers to have more visible plague (Sheiham 1971, Preper et al. 1980, Preper and 

Bergström 1985). Differences in dental health habits may be the cause of cross-sectional differences 

in plaque levels between smokers and non-smokers (Preper and Kant 1973, Preper et al. 1980, 

Andrews et al. 1998). Bergström (1999) studied  tobacco smoking in relation to supragingival 

dental calculus formation. The prevalence rates of calculus for current smokers, former smokers and 

nonsmokers were 86%, 66% and 65%, respectively, the differences between the groups  being 

statistically significant. Preber and associates (1995) monitored periodontal healing and the 

presence of periopathogenic microflora in smokers and non-smokers. In spite of the fact that  

periodontal therapy succeeded in reducing the amount of periopathogens (A. 

actinomycetemcomitans, P. gingivalis and P. intermedia) in smokers and nonsmokers, the 

investigators observed a less favourable results in non-surgical therapy in the smoker group. 

   The greater prevalence and severity of disease might be explained by smokers having 

disturbances in immunoglobulin and cytokine levels and lymphocyte counts and impairment of the  
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function of oral neutrophils. Smokers have  decreased  levels of  IgG, IgA and IgM but  increased 

levels of  IgE ( Kenney et al. 1975, Quinn et al. 1998).  Smoking increases the number but impairs 

the function of polymorphonuclear leukocytes (PMNs, or neutrophils), peripheral blood cells which 

take care of the first line defence mechanisms against micro-organisms (Noble and Penny 1975, 

Barbour et al. 1997). 

   Cigarette smoke seems to have an immunosuppressive effect on T-lymphocytes, which  may  

reduce the antibody  response  to periodontal bacteria (Barbour et al. 1997). Levels of cytokines 

may be increased in smokers. This may affect collagen destruction and bone resorption (Boström et 

al. 1998a). In severe periodontitis  researchers have found a synergistic interaction between 

smoking and a specific cytokine, IL-1. Feldman noted that cigarette smokers had significantly 

greater pocket depths than non-smokers or pipe/cigar smokers ( Feldman et al. 1983). 

 
 
Gingivitis 
 

    Earlier studies have  reported more gingival inflammation and bleeding after probing in smokers 

compared with nonsmokers. Investigations have also demonstrated more dental plaque and calculus 

(Arno et al. 1958, Preber and Kant 1973, Preper  and Bergström 1985). 

    Recent studies in which the plaque level was controlled for smokers demonstrate less gingivitis 

and less gingival bleeding compared with nonsmokers (Bergström 1990 and Preber 1986). Similar 

findings were previously reported by Danielsen and associates (1973) in a study  of experimental 

gingivitis among smokers. This reduced gingival bleeding may reflect more the suppression of an 

inflammatory response than reduced gingival blood flow (Danielsen et al. 1990, Dietrich et al. 

2004, Bergström and Preper 1986). The effect is strongest in heavier smokers and smallest in 

former smokers In one study the effect of smoking on gingival fluid flow was analyzed 

(McLaughlin et al. 1993). It was in fact observed that smoking caused a transient increase in 

gingival crevice fluid.  

   The cytotoxic effect of smoking on fibroblast function is one further explanation for the problems 

in gingival tissue. Nicotine may inhibit the growth of gingival fibroblasts and their production of 

collagen and fibronectin and thereby damage the structure and attachment of the gingiva (Tipton 

and Dabbous 1995). Tipton observed that nicotine itself inhibits the growth of fibroblasts and 

transient vacuolization of the fibroblast and even cell death. 

   Many studies have reported smokers higher susceptibility to ANUG (acute necrotizing ulcerative 

gingivitis) compared with nonsmokers (Pindborg 1951, Kardachi and Clarke 1974, Rowland 1999). 
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Periodontitis  
 
 

 

    Research  into smoking and  periodontitis   in  the late 1940s explored only the association 

between smoking and alveolar bone loss (Arno et al. 1958). More recently the clear independent, 

direct association has been addressed (Ismail et al. 1983, Feldman et al. 1983, Grossi et al. 1995). 

Bergström (1989) estimated the risk ratio of  adult smokers to be 2.5 compared with nonsmokers in 

developing periodontal diseases. Stoltenberg and colleagues (1993) analysed the risk ratio to be 5 

times greater among smokers; he used probing depth > 3mm as  diagnostic criterion. When 

different adult smoker groups were tested with periodontal treatment need assessed by CPITN, it 

was noted that the index was always greatest among smokers (Axelsson et al. 1998). Grossi and 

group (1994) found that smoking carried relative risks ranging from 2.05 for light smokers 

increasing  to  4.05  for heavy smokers. These  associations  remained   valid   after   controlling  for  

gender, socioeconomic status, income, education and oral hygiene. Findings from  case-control, 

cross-sectional and cohort studies report a risk ratio (RR) estimate for smokers and onset or 

progression of periodontitis as 1.4-to 20 times more compared with nonsmokers (Bergström 2003). 

Also the relationship between the number of cigarettes smoked per day (Norderyd and Hugoson 

1998)/cigarette years (Grossi et al. 1995) or the duration of smoking (Tomar and Asma 2000) and 

periodontal status has been exposed. Schenkein and associates (1995) observed that smoking was 

more prevalent in patients with early-onset periodontitis and adult periodontitis than in those with 

juvenile periodontitis or healthy periodontium. Ylöstalo and group (2004) studied young adults in  

Finland  with  adjustment  for  socio-economic  and  behavioral factors. A dose-dependent 

association emerged between smoking and tooth loss, the odds for heavy smokers being 5.30. In the 

United States one half of  periodontitis cases is thought to be attributable to cigarette smoking 

(Tomar and Asma 2000). 

     The association between smoking and periodontitis also remains after allowing control for age 

and oral hygiene status (Bergström and Eliasson 1987a). In a later study among Swedish dental 

hygienists (1991) also involving adults with good oral hygiene, Bergström observed the loss of 

periodontal bone to be related to smoking and  the loss does not correlate with plaque infection. 

    When Sintonen and Tuominen (1989) explored the determinants of periodontal treatment costs  it 

emerged  that smoking was one of the four significant factors predicting high total costs in 

periodontal treatment. The results of the treatment are less favorable in smokers (Tonetti et al. 1995, 

Ah et al. 1994, Rosen et al. 1996, Boström et al. 1998b) and  treatment  failures  are   predominantly  
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seen in smokers in 90 per cent of refractory cases (Bergström and Blomlöf 1992, Magnusson  et al. 

1994). Also  high levels of cigarette consumption caused less favorable results after periodontal 

therapy (Kaldhal  et al. 1996). 

     

     
 
Other adverse effect of smoking on oral health 
 
 
     Halitosis (Kleinberg and Westbay 1990), diminished taste (Gromysz-Kalkowska et al. 2002, 

Suliburska et al. 2004) and smell acuity (Frye et al. 1990) are common side-effects of smoking. 

Halitosis (oral malodor, feotor ex ore, bad breath) is an  unpleasant problem  which primarly affects 

the adult population (Rosenberg et al. 1996, Tonzetich 1977). Oral malodor in healthy patients 

arises from the mouth on the tongue dorsum (Young et al. 1993, Yaegaki et al. 1992). Anaerobic 

bacteria producing sulphur compounds seem to be the primary source of this odor (Tonzetich 1971).  

Tobacco  smoke   itself      also contains      volative  sulphur   compounds  (VSC) (Miyazaki et al. 

1995) and the cigarette odor may stay for more than a day after smoking (Rosenberg et al. 1991). 

    In a recent work by Bazemore and associates  (2006) the most odoros compounds found in 

smokers` breath were 2,3,5-trimethyl pyridine, 2,5-dimethyl pyrazine and 2-ethyl-3,5-dimethyl 

pyridine. Pyridines and pyrazines, the most prominent classes of odoros compounds identified in 

the experiment, may be generated during cigar pyrrolysis by cleavage of nicotine or by the Maillard 

reaction. 

    Many studies have shown that taste and smell acuity are affected by smoking (Fortier et al. 1991, 

Pasquali 1997). It has been shown that cigarette smoking influences taste sensitivity in subjects to a 

lesser extent (Gromysz-Kalkowska et al. 2002). A goup under Yamauchi (1995) also observed that 

smokers in their 20s evinced a slight rise in the threshold only for bitter taste. However, smoking 

may have a 'normalizing' effect on olfactory identification in some patients with psychosis (Mc 

Lean et al. 2004). 

    Smoking affects wound healing for example after periodontal surgery, tooth extraction or implant 

surgery (Jones and Triplett 1992, Preber 1986, Meechan et al. 1988, Miller 1988). The mechanism 

may lie in peripheral vasoconstriction with increased plasma levels of adrenaline and noradrenaline 

after smoking. In periodontal surgery Scabbia and colleagues (2001) evaluated the treatment 

outcome  following  flap  surgery  in  cigarette  smokers  compared  with  nonsmokers, and  noted  a  
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negative effect of smoking when measuring  pocket depths and clinical attachment levels in their 

patients. 

    Tobacco smoke has a direct carcinogenic effect on the epithelial cells of the oral mucous 

membranes. There is a dose-response relationship between tobacco use and the risk of the 

development of oral cancer. Smokers` risk of oral cancer is 2-4 fold compared with nonsmokers. 

Previously the risk with cigars and pipe was estimated to be lower than with cigarettes (Wynder et 

al. 1977). However, it has recently been concluded that the risks of oral cancer are similar for cigar 

smokers and   cigarette smokers  (NCI Monograph 1998). Smokers  who   also   drink  heavily  

carry a  6-15- times greater risk than  nonsmokers/non-drinkers (Wynder et al. 1977, Kato and 

Nomura 1994, McCoy and Wynder 1979, Blot et al. 1988, Lesch et al. 1989, Hsu et al. 1991). 

    Leukoplakia is one of the potentially malignant lesions of the oral mucous membrane. It occurs 

six times more frequently in smokers (Baric et al. 1982) and also bears a dose response relationship 

to smoking. Smoking cessation may result in the regression or disappearance of this premalignant 

change. 

    Smokers` palate is a reversible, non-precancerous mucosal disease in the hard palate of heavy 

smokers, especially among pipe and cigar smokers. Prevalence varies from 1-6% in Scandinavia 

depending on the criteria used (Axell 1976, Saietz 1975). 

     Only the plaque form of lichen planus is more common among smokers. A negative statistical 

relationship has been found with other forms of this oral manifestation (Neumann-Jensen et al. 

1977, Axell 1976). 

     In a meta-analysis conducted by Little and colleagues (2004) significant associations were found 

between maternal smoking and non-syndromic orofacial clefts in infants. The relative risk between 

maternal smoking and cleft lip, with or without cleft palate, was 1.34 and between maternal 

smoking and cleft palate 1.22. 

 
 
 The conclusions from the literature review 
 
 
   We know now from the  literature that tobacco affects the oral health of adults and small children. 

Does the same tendency also apply to teenagers? What we also do not know is whether adolescents 

give us correct answers regarding their smoking habits when they visit community dental clinics. 

   As only adolescent smoking is the main problem for Finnish smoking policy, can dentistry  affect 

it with an evidence-based intervention method? Is such an intervention feasible in real life 

conditions as part of routine dental care? 
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AIMS OF THE STUDY 
 
 
 

   The purpose of this study was to to test the  brief intervention method and its feasibility in 

smoking cessation and prevention and to investigate the possible early association of  tobacco 

smoking  with  oral  health indices in adolescents. The specific questions posed were: 

 

 

1. Does brief intervention in dental care  help an adolescent to stop or prevent smoking? 

 

2. What are the possible problems with implementation of the brief intervention method in practice? 

 

3. Do adolescents answer correctly when dental personnel inquire after smoking habits? 

 

4. Is smoking associated with oral health changes already in  adolescents ? 
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SUBJECTS AND METHODS 
 
 
 
SUBJECTS,  SAMPLING METHODS AND DATA SOURCES 
 
 
   The brief intervention study and  the study of  the  effects of smoking on oral health were 

evaluated based  on the same follow-up material. The feasibility study was carried out partly with  

dental staff undertaking the smoking intervention in practice and partly with all dental personnel in 

the province of Western Finland. The verification study was made with adolescents of the same age 

and region as the intervention and oral health studies. The outline of Studies I-IV is presented in 

Table 3. 

 

Tab.3. Outline and  summary of the number of subjects, sampling methods, data sources and 
statistical analysis used in Studies I-IV. 
 
 
  
   Study                             n                   Sampling method                     Data source                                Statistical analysis 
 
 
 
   I                                2586                   age cohort, systematic      clinical examination,                       t-test 
                                                                sampling                           patient records,                               χ2 -test  
                                                                                                          smoking questionnaire and            logistic regression analysis 
                                                                                                          interview                                        (study IV) 
                                                             
                                                                
                                                                                                                                                                                                                       
   IV                             2586 
 
 
 
   III                               150                   six randomly                     smoking questionnaire,                   contingency coefficient 
                                                               chosen  classes                  interview,                                         analysis, 
                                                                                                         measurement of CO                         positive and negative 
                                                                                                         and  thiocyanate( saliva)                  predictive values,              
                                                                                                                                                                  regression analysis 
                                            
 
   II                                  60                   all agents                            questionnaire                                   t-test 
                                                               (dental staff) in                                                                           confidence intervals 
                                                               intervention study 
 
 

   274                    total dental staff                questionnaire 
in the province 
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      In Study I and IV the target group comprised all adolescents (n=2586) born in 1979 living in 

four towns (Kokkola, Pietarsaari, Seinäjoki and Vaasa) in Finland. The average age of the 

participants (n=2582) was 13.1 years at the first visit, 14.2 at the first follow-up,15.2 at the second 

and 15.6 at the third. Owing to the low response rate at the third follow-up visit, we rejected this for 

the final analyses. All  adolescents in question were making regular visits to community dental 

clinics, which  made it possible to implement an annual follow-up  for the age class as a part of their 

routine check-up. Prior to the dental examinations all adolescents were asked to complete a 

smoking questionnaire (Appendix 1). A summary of the descriptive information on the baseline age 

cohort as obtained by the questionnaire is seen in Appendix 2.   

  In the brief intervention (Study I ) the  adolescents were assigned to either to a normal care group 

(those with an even last digit in their date of birth) or an intervention group (odd last digit). The 

brief intervention took the form shown in Table 4. 

 
Tab.4.  Protocol of  brief anti-smoking intervention. 
 
 
                                                                                                                                          
 
     The dentist inquires about smoking at the beginning of the routine dental examination. 
      Depending on the answer: 
 
 
  1.  If the adolescent does not smoke, dental  status is checked as usual and positive feedback 
 
    is given regarding  abstinence from smoking. After the examination the adolescent is shown 
 
    a set of photographs showing discoloration to the teeth as a consequence of smoking and is  
 
    invited to use a mirror to observe whether he/she has any such discolorations. 
 
 
  2. If  the  adolescent  smokes, dental  status is  checked  as usual. After  the  examination  the  
 
    adolescent   is  shown a  set  of   photographs of  harmful discolorations to the teeth caused 
 
    by  smoking  and  is  invited   to  use  a  mirror  to  observe  whether   he / she  has any such  
 
    discolorations. 
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   The intervention measures were implemented in conjunction with normal routines, taking only a 

couple of minutes`extra time per examination. The staff of the community dental clinics were 

informed of the principles of the brief intervention and the experimental arrangements and they 

received instructions for the project.  

   When evaluating the smoking intervention (Study II) all dental personnel who had taken part in 

the experiment (60) assessed the realization of the method in practice and attitudes towards this 

kind of preventive work in a questionnaire ( Appendix 3). Those participating in the intervention 

measures were asked how well the different phases of the intervention had been implemented 

during  dental visits. The four different stages of brief intervention were: asking about smoking, 

providing positive feedback, showing photographs and looking at teeth with a mirror. All  

community  dental  personnel (n=274) in the province of Ostrobothnia were also asked about   

attitudes and  problems  possibly accompanying  with  the  brief   intervention. Replies were  

received from a total of 164  dentists  and   194  dental   assistants representing 24  health  centres 

out of the 34 to which these questions had been sent. The response rate was 83.5% for dentists and 

70.1% for dental assistants.     

    The schoolchildren (n=150) in Study III were aged 15 (in the 9th grade) in six randomly chosen 

classes in the county of Vaasa. There were 48% girls and 52% boys in this group. Preferably we 

verified the adolescents` own reports of their smoking habit given in  the above-mentioned 

questionnaire prior to their routine dental examinations. Further we  tested the associations between 

the various validation systems available in dental settings. After the self-administered smoking 

questionnaire smoking status was ascertained by the dentist asking whether the pupil smoked or not 

(standardized procedure) and with measurement of CO concentration and analyses of saliva 

thiocyanate. Among the 150 adolescents valid  results  were obtained in 100% of  cases in  the 

questionnaire  and  dentist`s  question, 87%  in saliva analyses and 70% in CO measurements. The 

validity of the questionnaire was analyzed in terms of sensitivity and specificity and the relations 

between the verification methods was tested by contingency coefficient analyses. 

    The dental examination itself in Study IV involved monitoring of the usual measures of oral 

health indicators, i.e., D, DMF, and CPITN indices.We used the same age cohort and follow-up as 

in Study I. At the beginning of the routine dental examination the dentist also asked the simple 

question:” Do you smoke?”. On the basis of this question (yes/no) the respondents were divided 

into two categories of smoker /non-smoker (as mentioned before).  

    The plan of the studies was accepted by the local ethical committee for medical reseach. 
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STATISTICAL PROCEDURES 
 
 
   

       Statistical comparisons between intervention and control groups were made by t-test and  with 

dictotomous variables by  χ2  statistics in the brief intervention study (Study I). 

        In the feasibility study (II), where attitudes towards the theories were analyzed, we placed the 

values into categories:”totally agree” or ”totally disagree” and “always” or “never”. The statistical 

significance of the means of the VAS index was described with confidence intervals. The statistical 

significance of differences between the groups were analysed using the t-test. 

     In the verification study (Study III) contingency coefficient analysis was used in performing 

analyses between the different verification methods. When analyzing the biochemical methods 

(saliva thiocyanate and CO) we first transformed the values using cut-off points, 4ppm for CO and 

1.5mM/l for saliva thiocyanate. We also calculated the positive and negative predictive values for 

different verification procedures. Regression analysis was performed to construct a model  

explaining  smoking as reported in the questionnaire. 

       Prior to analyzing smoking and its  association with dental health (study IV) indices we carried 

out categorization of the DT, DMFT and CPITN index values due to their skewed distribution. 

Comparisons between smokers and non-smokers were made by the χ2 –test. Logistic regression 

analysis was used in calculating odds ratios and their confidence intervals in respect of having 

caries or periodontal treatment need. Comparisons between groups in study IV were evaluated by t-

test and dichotomous variables were tested with χ2-statistics. 

      Detailed descriptions of the statistical methods and necessary modifications of the variables are 

given in Studies I-IV. 

    Statistical  analyses  were performed  using the SPSS 10.0 for Windows statistical package. 
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RESULTS 
 
 
 

1. INTERVENTION ON SMOKING OF ADOLESCENTS 

 

BRIEF INTERVENTION 

 
    The brief intervention in connection with dental examinations proved effective. 

 

 The two-year follow-up revealed that adolescent smoking increased from 5.7 % (13- year –olds) to 

19.4 % by the age of 15. Girls reported smoking less often at every examination. At the end 18.1 % 

of the adolescents who had  undergone intervention procedures smoked and 20.8 % of the control 

group, respectively. 

   A great majority of smokers in both intervention and control group tried to stop smoking during 

the study. However, interest in participating in  a group aimed at helping them stop smoking was  

rather low. The adolescents felt  they had sufficient information on the health risks attached to 

smoking. 

   Parental smoking emerged as an important predictive factor in adolescents` smoking. If either 

parent smoked at the outset, the risk of the child also smoking was four times as great as for those 

with non-smoking parents. The risk ratio remained at almost 3 also at the end of the study. 

   The study also revealed that the native language had an effect on reported smoking. Finnish-

speaking adolescents were 1.7-3.0 times more likely to smoke than their Swedish-speaking 

classmates of the same age. 

  
 
FEASIBILITY OF BRIEF INTERVENTION AND EMPLOYEES ANSWERS  
 
 

      Brief intervention was seen as a possibility in dentistry, but also problems were perceived in   

employees answers and in the feasibility of the method. 
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The coverage of the intervention 

 

     The coverage of the intervention was considerable.  

 

   A  total  of  6 335 examinations were  performed  on 2 586 schoolchildren in  four towns, with 84 

% of  the initial group having two examinations and 61 % three. 

 
Tab.5.  Initial age cohort and  a number of adolescents examined annually 
 

    Examination         n  Mean age (years) 
Initial stage       2586      13.1 
First examination       2178      14.2 
Second examination       1571      15.2 

 
 
All Ostrobothnia employees` attitudes concerning smoking-related theories 
 

      The basic attitude towards  antismoking  issues was positive.  

 

     When all employees in the municipal dental health service in the province of Ostrobothnia were 

asked about their attitudes towards smoking-related issues it was found: 1) the majority thought that 

smoking  prevention  is an important  factor in dentistry  2) Finnish smoking legislation is not too 

oppressive 3) some interprofessional differences were  noted  in  relation  to theories  concerning 

smoking.  Dentists were more of  the opinion that prevention of smoking is  a matter  for dentistry  

while dental  assistants more often  believed that it  could be affected decisively by means of health 

education  4) the staff  members  who  had  participated  in the experiment evinced a  more   

favorable attitude to the   theories put forward than did their non-participant colleagues  5) 

respondents` own smoking habits were clearly reflected in their attitudes towards smoking issues 

and health education as a whole. Smokers were also more critical towards the law on smoking than  

non-smokers. 

 

 
All Ostrobothnia employees` attitudes concerning the brief intervention project 
 
 
   Brief intervention was seen as a possibility in dentistry, but problems could also be perceived in 

employees answers. 
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   Eight per cent of respondents held that smoking intervention in  connection  with dental 

examinations is done in vain. Seven per cent found it  annoying  to  have to  ask their patients  about  

smoking.  Most personnel thought  it was interesting  to  adolescents to  show  them  dental 

stainings  as a harmful effect of smoking. The answers brought out a concern over the inadequacy 

of the resources for  anti-smoking  intervention. Only 35 % of  respondents thought that dental 

health resources are sufficient. Respondents` own  smoking habit  was again reflected in the 

opinions: 50 % of smokers thought intervention is futile; more than one third found it annoying to 

ask about smoking. 

 

 
 
Staff members carrying out a brief intervention: attitudes concerning the intervention 
 
 
    Implementation in a dental setting succeeded comparatively well.  

 

    Six per cent reported that they never conducted the different stages of brief intervention. Those 

who took part in the experiment, however, commented that there were obvious faults in the 

implementation of their intervention. The various stages of the brief intervention were not carried 

out in the manner planned. In 75 % of cases smoking had actually always been inquired about and 

there was positive feedback in 51 % of cases. The series of photographs showing the harmful 

effects of smoking had always been shown  in 57 % of  cases and in  only 34 % had the subjects 

been allowed to examine their own teeth with a mirror. 

 

 

 
2. VALIDITY  OF THE METHODS ASSESSING SMOKING OF ADOLESCENTS 
 
  

   The  self-administered questionnaire and question on smoking by a dentist gave reliable 

information on adolescents smoking habits. 

 

    The sensitivity and specificity values of the self-administered questionnaire were verified slightly 

according to the measurement chosen to be  true (the golden stardard). 
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   When the  dentist`s question about smoking was taken as golden standard, very high sensitivity 

(0.96) and specificity (0.95) were reached. Taking the biochemical measures (CO concentration or 

saliva thiocyanate) as gold standard also gave fairly high sensitivity and specificity values. 

   The positive predictive values for smoking asked in the questionnaire were high whatever other 

verification methods were used. The highest value (0.90) was obtained when using dentist`s 

question as the true criterion of measurement. 

   The most significant correlation (0.67) was also measured between the questionnaire and dentist`s 

question when correlations between the different verification methods used  were calculated. 

    When performing regression analysis in constructing a model to explain smoking what was 

reported in the questionnaire, it was observed that the dentist`s question on smoking alone 

explained 95% of the reports of smoking in the questionnaires. 

 

 
 
 
3. THE ASSOCIATION BETWEEN SMOKING AND  ORAL HEALTH 
 
 

Dental health indices between smokers and non-smokers 

 

    Dental health indices were poorer among smoker adolescents in every phase of the follow-up. 

 

   DT and DMFT indices differed statistically significantly every year. When the study commeneed 

(6th grade) the mean DT  was 1.0  and the mean DMFT 3.4 in smokers. The corresponding mean 

rates of non-smokers were 0.6 (DT) and 2.2 with DMFT. In the 7th grade the mean DT was 1.0 and 

the mean DMFT 3.8 for smokers and 0.7 and 2.7 for non-smokers. At the second follow-up (8th 

grade) the mean DT index was 1.0 for smokers and  0.6 for nonsmokers. The mean DMFT figures 

were 4.2 and 3.0, respectively. An adolescent having nonintact teeth was 1.8-2.8 times more likely 

in smokers than in nonsmokers. Also the index of periodontal treatment need (CPITN) was 

significantly poorer in the smokers group. Smokers needed periodontal care 1.6-2.0 times more than  

non-smokers.  

   Similar results were obtained when testing  oral health indices among those who were non-

smokers but who had experimented with tobacco.  
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Follow-up 

 

  The first examination was attended by 2582 adolescents, 1265 boys and 1 317 girls. The 

participation rate of the age cohort (2586) was 99 % in the beginning (6th grade), decreased to 83 % 

in the 7th grade and finally 60 % at the end of the follow-up. 

 

 

DT, DMFT and CPITN indices 

 

   The mean DT index in the 6th grade was 0.6 (SE= 0.0) and the mean DMFT index 2.3 (0.1) at the 

first examination. The caries situation in the cohort worsened with ageing: the mean DT index was 

0.7 (0.0) in the 7th grade and 0.7 (0.1) in the 8th grade, the DMFT index mean 2.8 (0.1) and 3.2 

(0.1), respectively. 

   The average number of gingival healthy sextants in the first examination was 2.8 (0.1), and 19 % 

of those examined had no need for periodontal treatment. The mean number of gingival healthy 

sextants at the second examination was 2.9 (0.1) and at the third 2.9 (0.1). The need for periodontal 

treatment varied only slightly with increasing age. At the completion 81 % of adolescents had a 

need for periodontal treatment. 

 

  

Smoking and signs of smoking 

 

   There were initially 5.7 % smokers in the total age cohort and only 1.6 % of them admitted  

having discolorations of the teeth and only 0.3 % had noticed any effects of smoking on their 

gingival tissues. The number of  smokers grew up to 12.6 % at the first follow-up. Two per cent had 

observed alterations in their gingival tissues and 5.7% discolorations. 

   At the end of the follow-up the total group included 19.4 % smokers; 2 % of these had seen 

changes in their gingival tissues and 4.8 % discolorations. 
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DISCUSSION  
 
 
Targeting  anti-smoking activities 
 
 
    There are several solid arguments supporting the implementation of tobacco prevention and 

cessation programs  for adolescents. Young people tend to underestimate their personal risk of 

dying (Romer and Jamieson 2001) and overestimate their ability to quit smoking (U. S. Department 

of Health and Human Services (1986). While 80% of young people were aware that smoking is 

addictive, 60% thought it was not particularly hard to quit. It has been shown that if smoking does 

not  start during adolescent years, it is unlikely ever to occur (Coambs 1992). Most adult smokers 

have established the habit before they were 18 (World Health Organization 1999). People who start 

smoking in youth are more likely to continue the habit in adulthood as a result of  nicotine 

addiction. A recently published study on the addictive effects of nicotine reveals that adolescent 

smokers can become addicted even before they have established a daily smoking habit (DiFranza 

2000). There are likewise   observations   that  the probability of  cessation in adulthood is  inversely  

related to age at initiation (Breslau and Peterson 1996). Chassin (1990) has pointed out that even 

infrequent experimental smoking in childhood increases the risk of adult smoking. 

    In Finland there are further, specific arguments which advocating  the focusing of tobacco control 

programs on preventing adolescents from smoking instead of encouraging adult smokers to quit. 

Although there has been favorable development in smoking rates among adolescents in the recent 

years, the smoking rates are not until now close to the figures for 1977, when the lowest levels of 

adolescent smoking were obtained. As also shown in the present  study,  the majority of the 

adolescents want to quit and try to quit smoking already in youth. 

    Most  smoking  prevention programs for  adolescents  are targeted on the years 11-17. However, 

by this time attitudes towards smoking and first experiments with cigarettes may have already been 

established. Also in this series this phenomenon was observed. According to our hypothesis,  

programs need to be age-specific, based on  parental authority for younger adolescents and later on 

social influence. The sex differences noted in our intervention study suggest that the programs 

could also be different for boys and girls. Interventions and other programmes must perhaps be 

implemented before regular patterns of smoking have been established. This means that we must 

even consider  children at the age of 5-10 as  another target for antismoking actions in dentistry. 
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 The rationale of using dental settings and the barriers 
 

 

     The health care system cannot cope with the adolescent smoking problem alone. Regular and 

continuous reseach is also needed when planning and updating national policy. In Finland 

adolescents are expected to grow independent earlier than elsewhere in Europe and their 

psychological age can not keep up with development well enough;  Finnish adolescents may need 

more support and guidance. Hence changes in the social environment, family support and society 

are needed. It is possible that one of the most effective means of preventing adolescent smoking is 

to  try to influence parent smoking. As our results also showed, adolescents largely inherit smoking 

habit from their parents. This issue has not been sufficiently taken into account. By raising parents` 

awareness of their impact on  their childrens opinions, attitudes and action in relation to smoking 

issues, even  dental personnel have an important task. 

     Community dental practice may offer a fairly favorable environment for establishing smoking 

prevention and cessation programs as part of routine care among adolescents. First, the  purpose   of  

most visits is prophylaxis, so that adolescents set out with a prevention orientation and often there is 

no need for acute care. A further important factor is the amount of time a patient spends in the 

clinic. When most dental visits last from 30 minutes to 1 hour,  medical visits are often scheduled 

for 15-minute intervals. There is thus theoretically more time available in dental settings for 

counselling than in most medical settings. In the United States a group under Campbell (1999) 

observed that about 50% of  smokers see a dentist annually and  patients routinely expect the dentist 

to provide cessation information. 

     It should be borne in mind that when making studies with adolescents whose smoking conditions 

are unstable it is much harder to achieve good results in interventions compared with studies in an 

adult population with stable and high base levels of smoking. The reduction in adolescent smoking 

in our project must be regarded as good in view of our circumstances with low cost action (as a part 

of routine work) and a long follow-up period. The value of our intervention is increased by the fact 

that it was achieved with little extra input relative to normal routine dental care. We sought  to give 

a realistic picture of the feasibility of implementing such an antismoking program. To investigate 

the weaknesses of our  program and on the other hand aiming  to improve the method for  the future 

we made another study to analyze problems in feasibility. Factors possibly reducing the 

effectiveness  of  brief  intervention  are   still  partly  unknown. Clover and  associates (1999)  have  
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discussed the barriers identified in other studies. Lack of resources and patient materials, doubts 

about dentists` effectiveness to give advice and lack of confidence to tackle the problem were the 

first mentioned. Also anticipated negative patient reactions, uncertainty as to the dentist`s role, the 

costs, lack of time and  doubts  about the dentist`s skill in assisting patients to quit smoking. These  

findings are in line with our present observations. Most dentists are of  the opinion that they have a 

role in smoking cessation counselling. In spite of the fact that they have a knowledge of the adverse 

effects of smoking they do not  feel confident in discussing smoking issues with patients. Many 

dentists said it was appropriate to ask patients about their smoking status. In practice it has been 

noted, however, that dentists do not systematically ask all patients about smoking. Some still think 

it is not appropriate to ask about smoking and assist their patients with quitting. These dentist are 

unlikely to  practice  smoking  cessation activities. Giving smoking cessation interventions 

legitimate basis in dentistry may help these dentist to progress in their professional development. 

 

 
Training dental staff 
 
 
    Training for dentists and all employees in dental clinics in the conduct of smoking interventions 

is important. Since the various phases were carried out only partially during our intervention study, 

it is clear  that the method and the working teams need more attention. The feasibility of the brief 

intervention method can be improved by raising the self-motivation of  staff for health counselling. 

Feasibility will also be enhanced when quality standards for this kind of action are accompanied by 

quality assurance. Different means of implementing brief interventions need to be evaluated to find 

better ways to support dental practice personnel in their efforts with antismoking work. In respect of 

the problems encountered in our implementation of smoking cessation programs in dental settings 

there are certain further aspects worthy of consideration. The first is the fostering of a team 

approach and team spirit in  implementing new program. Taking into account the whole dental 

personnel, the dentists, dental hygienists, dental nurses and receptionists would probably help in 

adopting the program. Another point is to create such conditions that smoking counselling is not 

only integrated into routine practice  but  also  takes care  of continuation after possible project 

support is withdrawn. Dentists are still more inclined to give antismoking counselling in response to 

existing pathology rather than as a preventive measure (Trotter and Worcester 2003). This same 

study  revealed  that  only 4 % of  dentist  had  previously  had  any  training  in  smoking  cessation  
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interventions, but 63% expressed an  interest in attending to training. This issue must be taken into 

account when teaching the present and the next generation of dentists. Current information on the 

health impact of smoking is not enough. Practical training of dental students for example in the  

form of role-playing (anti-smoking discussion between dentist and patient) could be of use before 

graduation. Dentists may also hesitate to advise smoking patients to quit because they perceive that 

such advise has little impact compared with other methods. Dentists  need to understand the long 

process involved in quitting. Information and communication should be adjusted to the stage of 

change. If a patient is in the quitting process it is unhelpful to go into all the adverse health effects 

of smoking. At this stage the patient has a need for information of a more technical nature and on  

the barriers to quitting. The advice of a dentist (or physician) generally yields about 5% quit rate in 

a year after the advice is given (U.S. Preventive Services Task Force (1989). The significance of 

dentist advice lies in leading the patient along the path to quitting, not just measuring how many 

patients become ex-smokers within a given time unit. As Phochaska and DiClemente showed 

(1983) smokers generally move through the stages of not thinking about smoking, then thinking 

about it, making a quit attempt and so on. 

 

 

 

Verification of  self-reported smoking 
 
 
      Adolescents seem to be fairly honest in answering self-administered questionnaires on smoking. 

Post and associates (2005) confirmed this conception when analyzing Swedish adolescent smokers. 

By comparing the self-reported questionnaire to saliva cotidine the group noted a sensitivity of 96% 

and specificity of 93%. As Hennrikus and colleagues (2005) concluded, screening questions for 

identifying adolescent tobacco users should leave little room for interpretation. A simple standard 

question for example whether any smoking has occurred in the past 30 days` more  likely to  reveal   

low-rate  users   than  more  general  question about  tobacco use which leaves more space to the 

subjects to decide the criteria for tobacco use. In normal dental practice the authority of the dental 

profession seems to elicit reliable information of adolescent smoking and it is therefore needless to 

use biochemical verification in routine work. 

      Repeated use of the same questionnaire within the same study population may help to test  the 

reliability  of  responses and to identify any ambiguity in the questions. Absolute validity in a 

questionnaire is  impossible  to  reach  in  that a  golden  stardard  must be chosen and with smoking  
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there is no definition which with 100% confidence determines  whether a subject is a smoker or not. 

Cotidine is so  far considered  to be the  best”gold standard” for measuring intake (Benowitz et al. 

1983). In smoking studies it  provides a reliable estimate for plasma cotidine whether measured in 

saliva or blood (Curvall et al. 1990). However, it has also now been proved that adolescents` self-

reports correspond well with several other biochemical markers when confidentiality is ensured 

(Mayhew et al. 2000). In ideal conditions, an independent “gold standard” is available when 

developing a questionnaire. This standard may be too expensive or difficult to use on a large scale 

(as in our case cotidine), but is useful in the validation process. Smoking could   be monitored by an  

independent observer as in the case of short term exposure to test a questionnaire. This result would 

not be generalizable if respondents know that they are being observed. Adolescents could change 

their smoking behavior as a result of surveillance,  making results true but irrelevant. 

     Studies using  biological markers all have some weaknesses. It is very difficult to standardize the 

time intervals between possible tobacco use, self-report and marker test. This may cause, for 

example, occasional users to be misclassified by the biological marker as non-users. Also daily 

variation in background CO always causes slight differences in the precision of  this measurement 

(Stepney 1982); the  difference   is   however relatively  unimportant when comparing groups of 

smokers and nonsmokers (Irving et al. 1988). In any case this must be noted when making decisions 

on the classification of individuals with low thresholds. In our verification study we encountred 

some problems with the biochemical measurements. Thiocyanate analysis in saliva is not very 

sensitive in detecting very low-level smokers as in  experiments or patients who smoke only a few 

cigarettes in a month. We had to take this into account when choosing a slightly higher cut-off 

points for this analysis compared with Luepker and colleagues (1981) used in their saliva analysis. 

As some food stuffs may also disturb  chemical analysis (vegetables, fruits) we also had to exclude 

some adolescents from the analysis. SCN is still a useful measure in an adolescent population  

because it well idenfies false-negative cases (=self-reported nonsmoker with SCN value indicating 

smoking) documenting trustworthy heavy smoking in adolescents (Cummings and Richard 1988). 

 

 
Tobacco smoking and oral health 
 

     As there  is  abundant scientific  evidence of the effect of smoking on the oral health of children 

and adults, it is not suprising that a clear association was also found in our study among 

adolescents. It has, however, been  believed that  smokers` oral  health changes in adults  are  due to  
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long-term use of tobacco while changes in children are due to environmental/parental smoking. The 

fact that changes are already manifest in adolescents implies that there must be some direct or rapid 

effects of smoking which affect the tissues or host response quickly. Destruction of soft tissue and 

alvelolar bone in periodontal diseases is thought to involve toxins and proteases produced by  

bacteria. Likewise these affect hyperresponsiveness and reactivity of various components of the 

immune system. Smoking would appear to play a role in the pathogenesis of periodontal diseases 

by altering immune function and tissue repair also in adolescents.  

    There are also several hypothesized mechanisms linking smoking and dental caries. As with 

periodontal diseases, smoking seems to alter the  bacterial profile or the rate of formation of dental 

plaque (Bergström and Eliasson 1987b, Lie et al. 1998). As mentioned above some studies (Heintze 

1984, Parvinen 1984)  have shown the effect of smoking on the buffering capacity or pH of saliva 

impairing the function of saliva as a protective factor against enamel demineralization (Edgar and 

Higham 1996). Macgregor(1989) demonstrated in a review article that smoking increases the 

salivary flow rate, but does not alter the composition of plaque and a group under Christen (1991) 

concluded that smoking had only a minor effect on changes in the saliva in terms which might 

affect the caries process. It seems that the effect of smoking to salivary fuctions is not the key 

element in causing dental caries. 

    Some studies  have  shown  that tobacco  smoke  may  affect  the morphology and morphogenesis 

of children`s teeth (Kieser 1996, Heikkinen 1995). The teeth of smokers erupt earlier and are 

morphologically deviant  with a lower  degree of maturation compared with those of children of 

non-smoking mothers. This  may increase susceptibility to adolescent caries in families where the 

parents smoke. Establishment of the ultimate character and mechanisms of the association also with 

dental caries calls for more studies. In adults study of  smoking and caries indices may be confused 

by advanced periodontal disease causing tooth loss if the missing component of DMFS is not 

limited to surfaces lost due to caries. In the case of adolescents this problem did not cause any 

disturbance in our study.  

   Future studies must seek  to control all potential confounding factors  associated  with the   

analysis   of a  likely   mechanism. Unfortunately, the effect of the possible accumulation of bad 

habits (including poor oral hygiene) in the same individuals was not included in our analysis. 

Koivusilta and colleagues reported  (2003) a low toothbrushing frequency beeing  positively 

associated with “street-oriented” behaviors such as smoking and alcohol use. Thus adolescents who 

well take care of their teeth propably may have health-enchanging  behavior  in other dimensions of  
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health as well (Wannamethee et al. 1998). Studies are also needed to determine whether  

adolescents` quitting smoking changes the risk of  periodontal diseases or caries development in 

future. 

 

New ideas to be considered 

 

 

     The adjunctive use of nicotine replacement products has been studied in many clinical trials and 

meta-analyses. These show the use of nicotine chewing pieces (Tang et al. 1994, Silagy et al. 1994 

Cepeda-Benito 1993), nicotine patches (Tang et al. 1994) and bupropion (Hurt et al. 1997, Jorenby 

et al. 1999) to be succesful as an adjunct to smoking cessation services. In our brief intervention this 

was not included in the program. There might well be reason to have such nicotine replacement 

products available in every dental clinic. As Cohen and associates (1989) observed, for the  dentist 

the discussion of smoking was more likely to take place if the dentist could give for example free 

nicotine gum to patients who smoke. It might also be  easier for a smoker to start a discussion and  

ask for help with quitting smoking when antismoking material is visible in the dental clinic, 

especially since many dentists have remarked on the difficulties in  initiating a discussion of 

cessation with patients. Our way of identifing smoking related conditions such as stainings or 

changes in periodontal conditions also provided the dentist with an opportunity to raise the subject. 

     There are many dimensions in dentistry which could be used in connection with smoking 

prevention. The regular contacts between adolescents and dental teams makes it easier to combine 

educational elements with their visits. Dental staff act as a role model to their adolescent patients 

and they should take care that the model corresponds to the desired ideal. The smoking habits of 

dental personnel must also be taken into account in this connection. The fact that dental personnel 

have achieved good reults in preventing caries and teaching habits of oral hygiene may help in 

tranposing this know-how to the prevention of smoking. 

     Long-term follow-up of at least two to three years is necessary for smoking prevention  

programs to show effect. If a trend to delayed onset exists, longer follow-up is necessary. This was 

one motivation in our study to use long follow-up. School based programs have had modest and 

limited effects. They have been particularly effective in delaying the onset, but less successful in 

reaching and targeting the high-risk and minority youth (Glynn 1989). It has therefore been a 

challenge  to try to invent and test new strategies in health care settings which help to reach and 

affect these high-risk adolescents in smoking prevention. 
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In conclusion 

   

    In conclusion, since tobacco is a modifiable risk for oral and general disease, dentists and the 

whole dental team could play a substantial role in antismoking policy. Among the various health 

staff groups these  are most frequently in contact with the population;  the clinical manifestations 

caused overall or in part by tobacco are well known and sometimes easily demonstrated to patients. 

Smoking counselling should constitute a fundamental part of the dental curriculum and prevention 

program in every practice. Practioners need more formal training in smoking cessation counselling 

so that this could be offered in practice in a professional manner. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
 
 
 
 

 Based on the results of the present study, the following conclusions and recommendations may be 

made: 

 

 

 

1. Documentation of  tobacco use status is necessary. Adolescents need smoking prevention and 

cessation programs. The dental team needs education and training for counselling in practice. 

  

2. Brief smoking intervention in a dental setting is important. Smoking cessation products should be   

available in dental clinics. 

 

3. Adolescent intervention programs need to be targeted by age, sex and probably also by native 

language 

 

4. Parental smoking is an important factor which must be taken to account when planning anti-

smoking policy for adolescents 

 

5. The real-life feasibility of smoking interventions must be controlled with quality assurance 

 

6. Smoking interventions must first be targeted at  employees in health care 

     

7.  It is needless to use biochemical verification of the smoking habit  in normal dental practice; 

even in the case of adolescents 

 

8. Adolescent smoking habits must be noted when predicting the 

    risk of caries and periodontal problems. 
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Abstract

Smoking and the validity of information obtained on it is often questioned in view of the

widespread belief that adolescents tend to under- or overreport the habit. The aim here was to verify

smoking habits as reported in a questionnaire given in conjunction with dental examinations by asking

participants directly whether they smoked or not and performing biochemical measurements of

thiocyanate in the saliva and carbon monoxide in the expired air. The series consisted of 150 pupils in

the ninth grade (age 15 years). The reports in the questionnaires seemed to provide a reliable estimate

of adolescent smoking, the sensitivity of the method being 81–96%, specificity 77–95%. Biochemical

verification or control of smoking proved needless in normal dental practice. Accepting information

offered by the patient provides a good starting point for health education and work motivating and

supporting of self-directed breaking of the habit.

D 2003 Elsevier Ltd. All rights reserved.

Keywords: Smoking; Validation; Biochemical methods; Dentistry
1. Introduction

Prevention programmes on smoking and its effects are frequently evaluated on the basis of

reports given by subjects themselves. This means in effect that the validity of information

obtained is often questioned in the widespread belief that smokers tend to underestimate the

amount that they smoke (Haley & Hoffman, 1985; DHHS Publication, 1990) or deny
0306-4603/$ – see front matter D 2003 Elsevier Ltd. All rights reserved.
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smoking at all (Luepker, Pallonen, Murray, & Pirie, 1989; Murray, O’Connell, Schmidt, &

Perry, 1987).

Biochemical methods are frequently used to substantiate such reports, for example, by the

measurement of cotidine in blood, urine or saliva samples, analysis of thiocyanate in saliva,

or blood samples or monitoring of CO levels samples of expired air (Etzel, 1990; Jarvis,

Tunstall-Pedoe, Feyeabend, Vesey, & Saloojee, 1987; Ruth & Neaton, 1991; Schwartz,

1987). Carbon monoxide displaces oxygen in the blood to form carboxyhaemoglobin

(COHb), the level of which may be measured in blood or more easily in the breath,

especially using modern CO analyzers (Ecolyzer, Nikomed EC-50). The alveolar carbon

monoxide level is directly related to COHb, which is in turn related to smoking. The

disadvantages of the method are the short half-life (3–4 h) and the fact that the analysis is

sensitive to environmental influences, for example, second-hand smoking because of working

conditions or traffic pollution, while its advantages lie in its low costs, the ease of performing

the test, and the immediate feedback provided for the patient.

Measurement of thiocyanate is based on the presence of trace amounts of cyanide in

tobacco. The analysis can be performed on urine or saliva samples, and it has the advantage

of a long half-life (about two weeks), whereas the disadvantage is the possibility of error

because fruits, nuts, and certain other foodstuffs may raise the thiocyanate level even in

nonsmokers.

Nicotine and its derivate cotidine can be measured in blood, urine, or saliva samples. The

weakness of nicotine is its short half-life (only about 30 min), so that cotidine, with a longer

half-life, is a better marker of smoking. On the other hand, the measurement of cotidine is

expensive, which argues against its extensive use.

Estimates of the reliability of self-reports on adolescent smoking have generally been quite

high, 88–100% (Barnea, Rahav, & Teichman, 1987; Needle, McCubbin, Lorence, &

Hochhauser, 1983; O’Malley, Bachman, & Johnson, 1983), and hence no correction is

usually made for under- or overreporting.

It is highly valuable for a dentist to obtain reliable information on adolescent smoking by

reason of the obvious and well-documented connection between smoking status and oral

health (Gupta, Murt, Bhonsle, Mehta, & Pindborg, 1995; Johnson & Bain, 2000; McCann,

1989; Offenbacher & Weathers, 1985). Smoking prevention efforts in connection with dental

examinations have in fact proved effective (Kentala, Utriainen, Pahkala, & Mattila, 1999).

The aim of this study was to verify adolescents’ own reports on their smoking given in a

questionnaire administered prior to their routine dental examinations and to test the

associations between the various validation systems available.
2. Method

2.1. Participants

The series consisted of 150 young people in the ninth grade (6 randomly chosen classes) in

the county of Vaasa, Finland. The pupils were aged of 15; 48% were girls.
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2.2. Procedure

They were asked to complete a self-administered questionnaire on smoking before

attending their annual dental examination. Smoking status was then ascertained by the

dentist by asking whether the pupil smoked or not (standardized procedure). Prior to this

question, they were informed of the verification procedures and their consent was received.

Thereafter, samples were taken for the measurement of CO concentration (EC-50 Micro) and/

or saliva thiocyanate. The validity of the questionnaire was assessed in terms of sensitivity

and specificity. Initially, the dentist’s question was taken as the ‘gold standard.’ Thereafter,

the carbon monoxide reading and the saliva thiocyanate values were taken as the criterion.

The cut-off point for CO was 4 ppm and that for saliva thiocyanate 1.5 mM/l. The cut-off

points were determined according to the literature, taking to account the age of the pupils

(Barnea et al., 1987; O’Malley et al., 1983; Pechacek et al., 1984). The equipment for

measuring CO and thiocyanate was calibrated and the laboratory measurements were

performed in an accredited laboratory. Twelve pupils had just eaten prior to attendance; they

and eight other were excluded from the salivary analysis because of problems in salivary

samples or laboratory processes. We had access to CO measuring equipment in only 105 of

cases.

Statistical analyses were performed using the SPSS statistical program. Contingency

coefficient analyses was used to test the relations between the verification methods. The

results of the saliva thiocyanate and CO measurements were transformed to dichotomous

form employing the abovementioned cut-off points. Regression analyses was performed to

construct a model to explain smoking as reported in the questionnaire.

The study was approved by an ethical committee in Vaasa Health Centre.
3. Results

According to questionnaire responses, there were 32% smokers among the subjects (Table

1). The proportion was lowest measured by saliva and highest by the CO method.

The sensitivity and specificity values of the self-administered questionnaire verified

somewhat when using different gold standards. When choosing the dentist’s question about

smoking as gold standard, very high sensitivity (0.96) and specificity (0.95) were reached.

Taking biochemical measures as gold standard, a sensitivity of 0.83 and a specificity of 0.89

with CO and 0.81 and 0.77 with saliva thiocyanate was measured, respectively.
Table 1

Frequencies of smoking as measured by the different tests

Test Valid (n) Smokers (n) %

Questionnaire 150 48 32

Dentist’s question 150 51 34

CO measurement 105 33 31

Saliva 130 55 42



Table 2

The positive and negative predictive values of different verification procedures

Questionnaire Positive predictive value Negative predictive value

If golden standard is

Dentist’s question 0.90 0.98

CO measurement 0.76 0.93

Saliva 0.64 0.89

Dentist’s question

If golden standard is

Questionnaire 0.96 0.95

CO measurement 0.82 0.92

Saliva 0.65 0.89

CO measurement

If golden standard is

Questionnaire 0.83 0.92

Dentist’s question 0.82 0.92

Saliva 0.54 0.50

Saliva

If golden standard is

Questionnaire 0.81 0.77

Dentist’s question 0.83 0.81

CO measurement 0.66 0.72
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The positive predictive values for smoking in the questionnaire were 0.90 (dentist’s

question as standard), 0.76 (CO measurement as standard), and finally 0.64 when saliva

thiocyanate analysis was taken as the true criterion of measurement (Table 2).

The most significant correlation between the verification methods was observed between

the questionnaire and the dentist’s question, while a clear correlation was also found

between the CO concentration and the questionnaire. The two biochemical measures did

not correlate so well however (Table 3). All correlations were statistically significant

(P < .001).

Regression analyses showed that the dentist’s question about smoking alone explained

95% of the reports of smoking in the questionnaires (Table 4). The combination of

biochemical measurements in the same model gave only an explanation degree of only
Table 3

Correlations between the verification methods (contingency coefficients)

Questionnaire Dentist’s question CO measurement

Dentist’s question .667

CO measurement .577 .592

Saliva thiocyanate .486 .527 .339



Table 4

Regression models

Variable Percentage of smoking

explained by variable (%)

B S.E. Wald df Significance

Dentist’s question (DQ) 95 6.09 0.86 50.86 1 < .001

CO measurement 88 3.73 0.62 36.70 1 < .001

Saliva thiocyanate 78 2.68 0.47 32.90 1 < .001

CO and saliva 84 3.45 0.71 23.95 1 < .001

Question + Saliva +CO 95 11.91 57.00 0.04 1 ns

Smoking as reported in the questionnaire as dependent variable.
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84% and the combination of dentist’s question and the biochemical measurements gave

95%.
4. Discussion

Finnish adolescents stand poorly in European comparisons: Smoking rates for 15- to 16-

year-old boys and girls are among the highest. The self-reported frequency of smoking in the

study population was also in relation to the Finland’s results in cross-national surveys and

national health behaviour analysis (King, Wold, Tudor-Smith, & Harel, 1996).

When comparing the biochemical test results with adolescent’s reports on their smoking, it

is possible to point to two major sources of disagreement: (1) error because of the

biochemical measurements or their analysis and (2) occasional false reporting by the subjects.

The error in a measurement or technique is often distributed symmetrically around the true

mean, whereas human error is probably biased towards a socially desirable response (Murray,

Connett, Lauger, & Voeker, 1993). We used the pipeline method in this study. The subjects

were convinced that their self-reported tobacco use can be independently verified by a dentist

by an objective measure of tobacco use.

What were the reasons for the present differences in sensitivity and specificity between

the verification methods, and how can we obtain objective measurements of adolescent

smoking? The carbon monoxide concentration was not taken alone as a gold standard

because saliva thiocyanate is known not to give sufficiently reliable results in children, the

level of false-positive findings being too high (Gillies, Wilcox, Coates, Kristmundsdottir, &

Reid, 1982). Although the reliability of the method improves with age (Luepker et al.,

1980), the proportion of false-positive cases in our material was still 7%. The problem

with using carbon monoxide is its short half-life, so that the method describes only short-

term smoking behaviour and gives an excessively high proportion of false negative

findings.

There are difficulties in verifying smoking when young people are merely experimenting

or smoking irregularly (Needle et al., 1983; Reinisch, Bell, & Ellickson, 1991), as sensitivity

of the biochemical measurements is insufficient to yield reliable results. Validity can be

improved by changing the cut-off values, and also by using the two methods in combination,
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this will reduce the number of false-positive results. We also tested other, higher cut-off

points, but the positive predictive value fell.

Whatever method is used to validate abstinence, one should bear in mind that taking blood

samples is intrusive as far as a young person is concerned, the taking of a saliva or breath

sample being least intrusive. Cotidine has been shown to be even more sensitive in detecting

adolescent smokers, but in practice, breath samples have proved to be a simpler and much

cheaper means of validating abstinence from smoking in follow-up studies (Murray et al.,

1993).

It is needless to use biochemical verification methods in normal dental practice because the

authority of the dental profession would seem to elicit reliable information on smoking. On

the other hand, biochemical verification in the dental office may be useful for motivational

and scientific purposes. Smoking is nowadays considered to be among the most important

risk factors for many oral diseases, for example, periodontal disease. Hence, reliable

anamnestic information on smoking habits is vital to the dentist in carrying out adequate

dental work and health education with the patient.

Asking about smoking instead of otherwise controlling the habit is a clear sign of trust in

the patient. It gives a good and stable basis for our efforts to motivate and support the patients

in abandoning smoking.
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