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Abstract 

Objective:  Tobacco use has a negative influence on general and oral health but data concerning caries are mainly 
derived from epidemiological and cross-sectional studies. The aim of this study was to investigate smoking and use 
of smokeless tobacco (Swedish snus) as determinants of dental caries increment in young adults over 3 years. The 
baseline cohort consisted of 1295 19-year-olds registered at eight Public Dental Clinics representing socioeconomic 
strata. After 3 years, 982 of the patients could be reexamined (drop-out rate 24.2%). Caries was scored as decayed and 
filled surfaces according the WHO criteria and the individual caries increment was recorded by counting the number 
of surfaces that changed from “sound” to “decayed/filled” over the study period. Information on habitual tobacco use 
(smoking, snuffing) was collected from a structured questionnaire at baseline.

Results:  The baseline prevalence of smoking and use of Swedish snus was 22.3% and 6.3% respectively. Smoking, 
but not snuffing, displayed a statistically significant relationship with caries increment over 3 years. For smoking, the 
relative risk was 1.5 (95% CI 1.2–1.7) and the number needed to harm 6.8 (95% CI 4.5–14.2). Thus, habitual smoking is 
a risk factor for caries in young adults and the findings reinforce arguments that dental health professionals should 
incorporate anti-smoking activities in their preventive strategies.
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Introduction
It has been suggested that the use of tobacco is associ-
ated with impaired oral health and increased risk of den-
tal caries in adolescents and adults [1, 2]. However, in 
2013, a systematic review could only identify four pub-
lished studies on the link between tobacco and caries, 
all of them assessed of being of low, or very low, qual-
ity [3]. Furthermore, data derived from epidemiological 
and/or cross-sectional studies may establish associations 
but not causative relationships. Two more recent stud-
ies have employed a prospective design; a Swedish study 
among adolescents found that the caries increment dif-
fered significantly between “ever-users” and “never-
users” of tobacco but the analyses did not distinguish 
between smoking and use of smokeless tobacco [4]. 
The other investigation, conducted in Finnish adults, 

concluded that daily smoking was independently related 
to caries development (net DT increment) over a 4-year 
period [5]. The use of smokeless tobacco (snuff, a mix-
ture of tobacco, water, salt and flavor) needs however 
further attention since it is a relatively common habit in 
the Nordic countries, particularly among males. Find-
ings from previous cross-sectional studies have suggested 
that snuffing was unrelated to caries risk in adults [6, 7] 
but this has not yet, to the best of our knowledge, been 
verified in a prospective setting. We have previously 
validated a computerized caries risk assessment tool in a 
cohort of young adults [8] and in connection to the base-
line examination data on tobacco use was collected but 
not further analyzed. The aim of the present study was 
therefore to investigate smoking and smokeless tobacco 
(Swedish snuff) as determinants of dental caries incre-
ment in young adults over a study period of 3 years. The 
null hypothesis was that neither smoking nor snuffing 
would be related to caries development.
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Main text
Materials and methods
The study cohort consisted of all 19-year old patients 
(n = 1699) registered at eight Public Dental Clinics (PDC) 
located in the southern Sweden, representing central and 
rural as well as various socioeconomic strata [8]. Exclu-
sion criteria were planned relocation, leaving the public 
dental service or severe medical/mental disability. The 
eligible patients received a written invitation to partici-
pate in the project and 76.2% (n = 1295) consented and 
showed up for the baseline examination. After 3  years, 
982 of them could be reexamined (drop-out rate of 
24.2%) as presented in a flowchart with reasons for drop-
ping out (see Additional file 1). All participants were resi-
dents in communities that were served by piped water 
with a suboptimal fluoride content (< 0.03  ppm F). The 
prospective study design was approved by the Ethical 
Committee; Lund University, Sweden.

Clinical examination and data collection
The visual-tactile examinations, including digital bitew-
ing radiographs (two on each side), were performed by 
the regular oral health team (dentist, dental hygienist, 
dental assistant) within the Public Dental Service. All 
teeth were thoroughly dried with compressed air and 
the scoring was under optimal light with aid of a mirror 
and explorer. Caries was scored on cavity level accord-
ing to the WHO-criteria [9] and expressed at the decayed 
filled surface level (DFS). Caries increment the individual 
was calculated by counting the number of surfaces that 
changed from “sound” to “decayed” or “filled” over the 
study period as well as the progression of an existing 
caries lesion to a more advanced stage/filling. The radio-
graphs were exposed with aid of a film holder to ensure 
correct angulation. The responsible dentist evaluated 
the baseline and follow-up radiographs of each patient, 
under optimal viewing conditions and proximal lesions 
involving the dentin were considered as decayed. Hypo-
plastic or hypomineralized tooth surfaces, mimicking 
proximal caries, were excluded from the analyses and 
possible caries reversals were not considered. Prior to the 
study, each PDC was visited by the principal investigator 
(GHP) and all participating examiners were trained and 

calibrated with aid of a series of illustrated clinical cases, 
including bitewing radiographs, as previously described 
[8, 10]. Information concerning the habitual use of 
tobacco at baseline was self-reported through a struc-
tured questionnaire. The questionnaire was developed by 
the health authorities in the Skåne region for mandatorily 
use at all public dental clinics in order to map the tobacco 
habits in the region. Occasional smokers (< once a week) 
were regarded as non-tobacco users and dual users (both 
smoking and snuffing) were categorized as smokers.

Statistical methods
Data were processed with the IBM SPSS software (ver-
sion 24.0, Chicago, IL, USA). Caries prevalence and inci-
dence was compared with independent samples t-tests. 
The relative risk (RR) with confidence intervals was cal-
culated from two-by-two tables. P-values less than 0.05 
were considered statistically significant. Since the study 
group was derived from a fixed population-based cohort, 
no formal power-calculation was carried out prior to the 
study in order to calculate the sample size.

Results
The baseline prevalence of habitual tobacco use, smok-
ing and snuffing is shown in Table  1. The baseline pro-
portion of tobacco users was higher among the drop-outs 
(38.7%) compared with those that remained in the pro-
ject (25.4%). Smoking was also more prevalent among 
the females (21.4% vs. 16.1%) while the use of smokeless 
tobacco dominated among males (12.8% vs. 0.9%). The 
caries experience at baseline and after 3  years is pre-
sented in Table 2. The drop-outs had significantly higher 
caries rates at baseline compared with the final study 
group (mean DFS 6.8 vs. 4.3; p < 0.001). The caries burden 
was significantly higher among the tobacco users com-
pared with subjects without any tobacco habit (p < 0.001). 
This seemed to be exclusively related to smoking since 
the caries experience for those using smokeless tobacco 
(snuff) did not differ from the non-tobacco group. The 
caries increment over the 3-year observation period 
is shown in Table  3. Again, habitual tobacco users, and 
smokers in particular, exhibited significantly more new 
cavities than the non-tobacco group while the snuffers 
did not display any increased caries activity. The relative 

Table 1  Baseline prevalence of tobacco use in the study cohort

Values in table denote total percent with females/males in parenthesis

Baseline (n = 1295) Re-examined (n = 982) Dropouts (n = 313)

Tobacco use 28.6% (24.9/32.6) 25.4% (22.3/28.9) 38.7% (16.0/22.7)

Smoking 22.3% (24.0/20.5) 18.9% (21.4/16.1) 32.9% (15.7/17.3)

Smokeless tobacco (snuff ) 6.3% (0.9/12.1) 6.4% (0.9/12.8) 5.8% (0.3/5.4)
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risk for tobacco use was 1.5 with a 95% confidence inter-
val of 1.3–1.8 (p < 0.001). For smokers, the number 
needed to harm (NNH) was calculated to 6.8 (95% CI 
4.5–14.2) which was statistically significant (p < 0.001).

Discussion
As most previous research on the association between 
tobacco use and dental caries are based on cross-sec-
tional data, the strength of this present study was its 
longitudinal design in which the subjects’ tobacco use 
at baseline could be related to the actual caries develop-
ment during 3  years. We selected 19-year-olds in order 
to secure a cohort of homogenous age that could be fol-
lowed longitudinally for 3 years. This age group of young 
adults is not yet relocated for studies and/or work and 
therefore commonly retained within the public dental 
service. The main findings of this prospective observa-
tional study were that smoking but not snuffing showed 
a significant relationship to caries increment in young 
adults. The null hypothesis could therefore be rejected 
for habitual smoking while it was accepted for snuffing. 
Most important, our prospective results reconfirmed 
and strengthened previous conclusions obtained from 

epidemiological and cross-sectional research [3, 7, 11]. 
Obviously, smoking has a detrimental influence not only 
on general health but may also increase the burden of 
caries. However, as caries is a non-communicable dis-
ease, it is important to underline that smoking to a large 
extent may coincide with other biological, behavioral psy-
chosocial and socioeconomic risk factors involved with 
the disease [12]. For example, smoking can be marker of 
lifestyle and socio-economy but also exert directly bio-
logical influence on salivary buffer capacity and levels of 
secretory IgA [13, 14].

Smokeless tobacco was in the context of this study 
exclusive based on Swedish moist snuff (snus) that should 
not be mixed up with tobacco chewing. The product 
contains dried tobacco, sodium chloride, water, moistur-
izers, sodium carbonate and flavor [15]. The finding that 
the use of snuff was unrelated to caries confirmed those 
of previous studies [6, 16]. This may be explained by the 
fact that Swedish snuff products have high pH (7.8–8.5) 
and may thereby counteract the low pH-conditions in 
the oral environment that prevail caries lesion formation. 
Although snuffing seems to be non-cariogenic, it does 
not rule out the possibility that the habit can be associ-
ated with other oral and systemic health hazards [17, 18]. 
Taken together, our findings reinforce current statements 
that the members of the oral health team play an impor-
tant role in individual and population-based antismoking 
interventions in order to limit the negative influence on 
oral health [19].

In this study, the prevalence of smoking was higher 
among young adult females and this was expected in 
the light of a current report from Sweden [20]. The ele-
vated proportion of smokers that dropped off from the 
study was however a confounding factor. Since it is most 
likely that this imbalance have underestimated the true 
relationship we still are confident with the present find-
ings. Another shortcoming was the relatively large num-
ber of examiners and the fact they were not blinded for 
their patient’s tobacco habits. We tried to overcome this 
with calibration exercises prior to the investigations and 
the use of a less sophisticated but well-established car-
ies scoring system. The number of early initial lesions on 
smooth surfaces and from the radiographs was planned 
to be scored but as they were found to be inconsistently 
reported, we refrained to include them in the present 
report. The data concerning the tobacco use was self-
reported and thereby most likely somewhat underes-
timated. This was however contravened by the fact that 
prevalence of smoking in the present cohort was much 
higher than the national average of 10–14% [21]. In fur-
ther longitudinal trials, our best suggestion would be to 
(i) score the smoking/tobacco use in more detail (fre-
quency, amount, duration, debut age etc.), and, (ii) add 

Table 2  Mean caries experience in  young adults 
(n = 1295), expressed as DFS at baseline and after 3 years 
in relation to tobacco habits (n = 982)

Values in table denote percent, mean and standard deviation (SD)
a  Statistically significant difference compared with “no tobacco”, p < 0.001

n Baseline 3-year follow-up

DFS = 0 DFS DFS = 0 DFS

No tobacco 733 26.7% 4.0 (4.8) 22.9% 5.0 (5.8)

Tobacco use 249 21.3% 5.1a (5.6) 16.9% 6.4a (6.9)

 Smoking 186 20.4% 5.6a (5.9) 9.9% 7.1a (7.3)

 Smokeless 
tobacco 
(snuff )

63 23.8% 3.6 (4.2) 20.6% 4.4 (5.0)

Table 3  Caries increment (ΔDFS) in young adults (n = 982) 
over  the  3-year observation period in  relation to  tobacco 
habits

The values in the table denote percentage, mean and standard deviation, 
relative risk (RR) for having new caries lesions and 95% confidence interval (CI)
a  Statistically significant difference compared with “no tobacco”, p < 0.01

ΔDFS ≥ 0 (%) ΔDFS RR 95% CI

No tobacco 32.6 0.9 (1.6)

Tobacco use 42.2 1.4a (2.4) 1.5a (1.3–1.8)

 Smoking 47.3 1.6a (2.6) 1.5a (1.2–1.7)

 Smokeless 
tobacco 
(snuff )

27.0 0.7 (1.5) 0.8 (0.5–1.3)
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proximal initial caries lesion progression as indicator of 
caries activity.

Conclusion
Habitual smoking, but not snuffing, showed a significant 
relationship to caries increment over a 3-year period in 
young adults. The findings reinforce arguments that den-
tal health professionals should incorporate anti-smoking 
activities in their preventive toolbox to improve oral and 
general health.

Limitations
In this cohort, smoking was a significant determinant for 
caries development in young adults but being a complex 
multifactorial disease, other biological, behavioral psy-
chosocial and socioeconomic risk factors, not assessed in 
this paper, are also involved in the course of the disease. 
Although all examiners in this study were thoroughly cal-
ibrated with respect to caries scoring, the inter-examiner 
agreement in terms of Kappa-values was not tested. A 
certain impact on the registrations cannot therefore be 
ruled out.

Additional file

Additional file 1. Flow-chart of the 3-year study with reasons for drop-
ping out.

Abbreviations
WHO: World Health Organisation; PDC: Public Dental Clinic; DFS: decayed filled 
surfaces; RR: relative risk; CI: confidence interval.

Authors’ contributions
GHP planed the project and was the principal investigator. Both authors, 
GHP and ST, have substantially contributed to all parts of the study, including 
data retrieval and analysis. GHP and ST drafted the manuscript together. Both 
authors read and approved the final manuscript.

Author details
1 Department of Cariology, Faculty of Odontology, Malmö University, 205 06, 
Malmö, Sweden. 2 Department of Odontology, Faculty of Health and Medi-
cal Sciences, University of Copenhagen, Norre Allé 20, 2200 Copenhagen N, 
Denmark. 

Acknowledgements
The authors would like thank the staff at all participating Public Dental Clinics 
for their excellent collaboration.

Competing interests
The authors declare that they have no competing interests. The authors alone 
are responsible for the content and writing of the paper.

Availability of data and materials
Data will not be made available as they derive from patients’ dental records.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study design was approved by the Ethical Board at the University of 
Lund, Sweden. Patients received verbal and written information and signed a 
consent form.

Funding
The project was financed by the authors’ institutions.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 2 January 2019   Accepted: 3 April 2019

References
	1.	 Reibel J. Tobacco and oral diseases. Update on the evidence, with 

recommendations. Med Princ Pract. 2003;12(Suppl 1):22–32.
	2.	 Chapple IL, Bouchard P, Cagetti MG, Campus G, Carra MC, Cocco F, 

Nibali L, Hujoel P, Laine ML, Lingstrom P, Manton DJ, Montero E, Pitts 
N, Rangé H, Schlueter N, Teughels W, Twetman S, Van Loveren C, Van 
der Weijden F, Vieira AR, Schulte AG. Interaction of lifestyle, behaviour 
or systemic diseases with dental caries and periodontal diseases: 
consensus report of group 2 of the joint EFP/ORCA workshop on the 
boundaries between caries and periodontal diseases. J Clin Periodon-
tol. 2017;44(Suppl 18):39–51.

	3.	 Benedetti G, Campus G, Strohmenger L, Lingström P. Tobacco and den-
tal caries: a systematic review. Acta Odontol Scand. 2013;71:363–71.

	4.	 Holmén A, Strömberg U, Magnusson K, Twetman S. Tobacco use and 
caries risk among adolescents–a longitudinal study in Sweden. BMC 
Oral Health. 2013;13:31.

	5.	 Bernabé E, Delgado-Angulo EK, Vehkalahti MM, Aromaa A, Suominen 
AL. Daily smoking and 4-year caries increment in Finnish adults. Com-
munity Dent Oral Epidemiol. 2014;42:428–34.

	6.	 Hugoson A, Hellqvist L, Rolandsson M, Birkhed D. Dental caries in rela-
tion to smoking and the use of Swedish snus: epidemiological studies 
covering 20 years (1983–2003). Acta Odontol Scand. 2012;70:289–96.

	7.	 Tanner T, Kämppi A, Päkkilä J, Järvelin MR, Patinen P, Tjäderhane L, 
Anttonen V. Association of smoking and snuffing with dental caries 
occurrence in a young male population in Finland: a cross-sectional 
study. Acta Odontol Scand. 2014;72:1017–24.

	8.	 Petersson GH, Twetman S. Caries risk assessment in young adults: a 
3 year validation of the Cariogram model. BMC Oral Health. 2015;15:17.

	9.	 World Health Organization. Oral health surveys: basic methods. 4th ed. 
Geneva: World Health Organization; 1997.

	10.	 Hänsel Petersson G, Ericson E, Isberg PE, Twetman S. Caries risk assess-
ment in young adults using Public Dental Service guidelines and the 
Cariogram-a comparative study. Acta Odontol Scand. 2013;71:534–40.

	11.	 Edman K, Öhrn K, Nordström B, Holmlund A. Prevalence of dental 
caries and influencing factors, time trends over a 30-year period in an 
adult population. Epidemiological studies between 1983 and 2013 in 
the county of Dalarna, Sweden. Acta Odontol Scand. 2016;74:385–92.

	12.	 Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA, Ramos-Gomez 
F, Tagami J, Twetman S, Tsakos G, Ismail A. Dental caries. Nat Rev Dis 
Primers. 2017;3:17030.

	13.	 Golpasand Hagh L, Zakavi F, Ansarifar S, Ghasemzadeh O, Solgi G. 
Association of dental caries and salivary sIgA with tobacco smoking. 
Aust Dent J. 2013;58:219–23.

	14.	 Voelker MA, Simmer-Beck M, Cole M, Keeven E, Tira D. Preliminary 
findings on the correlation of saliva pH, buffering capacity, flow, con-
sistency and Streptococcus mutans in relation to cigarette smoking. J 
Dent Hyg. 2013;87:30–7.

	15.	 Sieber AL, Jeyakumar J, Bornstein MM, Ramseier CA. Snus und die 
Beeinträchtigungen der Mundgesundheit: Ein update. Swiss Dent J. 
2016;126:799–811.

	16.	 Hellqvist L, Rolandsson M, Hugoson A, Lingström P, Birkhed D. Dental car-
ies and associated factors in a group of Swedish snus users. Swed Dent J. 
2015;39:47–54.

https://doi.org/10.1186/s13104-019-4253-9


Page 5 of 5Petersson and Twetman ﻿BMC Res Notes          (2019) 12:218 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	17.	 Natvig Norderhaug I, Dybing E, Gilljam H, Lind PO, Lund KE, Mørland J, 
Stegmayr B, Hofmann B, Ørjasæter Elvsaas IK. Health Effects and Depend-
ency Associated with Snuff Consumption. Oslo, Norway: Knowledge 
Centre for the Health Services at The Norwegian Institute of Public Health 
(NIPH); 2005 Jun. Report from Norwegian Knowledge Centre for the 
Health Services (NOKC) No. 06-2005.

	18.	 Carlsson S, Andersson T, Araghi M, Galanti R, Lager A, Lundberg M, Nils-
son P, Norberg M, Pedersen NL, Trolle-Lagerros Y, Magnusson C. Smoke-
less tobacco (snus) is associated with an increased risk of type 2 diabetes: 
results from five pooled cohorts. J Intern Med. 2017;281:398–406.

	19.	 Jepsen S, Blanco J, Buchalla W, Carvalho JC, Dietrich T, Dörfer C, Eaton 
KA, Figuero E, Frencken JE, Graziani F, Higham SM, Kocher T, Maltz M, 

Ortiz-Vigon A, Schmoeckel J, Sculean A, Tenuta LM, van der Veen MH, 
Machiulskiene V. Prevention and control of dental caries and periodontal 
diseases at individual and population level: consensus report of group 
3 of joint EFP/ORCA workshop on the boundaries between caries and 
periodontal diseases. J Clin Periodontol. 2017;44(Suppl 18):85–93.

	20.	 Ramström L, Borland R, Wikmans T. Patterns of smoking and snus use in 
Sweden: implications for public health. Int J Environ Res Public Health. 
2016;13:1110.

	21.	 Collaborators Tobacco. Smoking prevalence and attributable dis-
ease burden in 195 countries and territories, 1990–2015: a system-
atic analysis from the Global Burden of Disease Study 2015. Lancet. 
2017;389(10082):1885–906.


	Tobacco use and caries increment in young adults: a prospective observational study
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Clinical examination and data collection
	Statistical methods

	Results
	Discussion
	Conclusion

	Limitations
	Authors’ contributions
	References




