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SUMMARY – Th e purpose was to evaluate dental caries experience in diff erent male subpopula-
tions of Croatian Army recruits and dental students, and subsequently, smoking habits related to the 
level of education and place of residence. Croatian army recruits (n=248; mean age 20.2) and male 
dental students (n=56; mean age 21.5) were evaluated according to DMFT and FST indices, divided 
according to age and place of residence, and interviewed about their dietary habits and smoking of 
tobacco. In the subpopulation of recruits, the median value of DMFT was 6 and of FST index 25. A 
statistically signifi cant diff erence was recorded between DT and FST index (p<0.05) according to 
dietary role of carbohydrates refl ected in caries development. Th e number of recruits with fi nished 
elementary school coming from a rural area who smoked (in total 57.66% of smokers) was signifi -
cantly larger (p=0.0041). In dental students, the median value of DMFT was 5, with statistical sig-
nifi cance in comparison with recruits (p=0.03). Th ere was a diff erence in FST index (median 28) 
(p<0.0001). Students were mostly nonsmokers (71.43%) and had urban residence (p<0.0001). FST 
index was a more specifi c indicator in the socioeconomically heterogeneous sample of recruits (more 
subjects coming from rural areas and with a lower level of education) than in the sample of dental 
students (more subjects coming from urban areas).
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Introduction

Smoking is a public health issue, not only from the 
lung cancer, cardiovascular and cerebral disease point 
of view, but also as a signifi cant oral health risk1,2. Epi-
demiological data on the prevalence of smokers in the 
United States reveal an average of 20.6% of smokers in 
the adult population3. In Croatia, the prevalence of 
smokers was researched in general population and in a 
population of high-school students4-8. Th ere is a strong 

socioeconomic connection among the subpopulations 
of smokers3,5,9.

During the 1990s, caries prevalence had a down-
ward trend in developed countries, but the latest stud-
ies reveal a global increase due to pronounced etiolog-
ic socioeconomic factors10. However, caries prevalence 
was highest in lower socioeconomic strata and in dif-
ferent population subgroups such as recruits11-23, ado-
lescents24,25, and students26,27.

Th e aim of this study was to evaluate dental caries 
experience of male Croatian Army recruits, and subse-
quently, their smoking habits. Th ey were compared 
with male dental students. Apart from the study of car-
ies in the recruit population and its relation to smok-
ing28,29, the relationship between caries and smoking 
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and socioeconomic circumstances29 is rarely researched. 
Since caries is related to smoking, which is common in 
the recruit population30, this study examined the rela-
tion between smoking and socioeconomic circum-
stances the recruits come from, primarily their edu-
cation, dietary habits, and rural or urban place of 
 residence. Also, diff erence between smokers and 
 nonsmokers regarding their oral hygiene habits was 
examined.

Subjects and Methods

A group of male Croatian Army recruits (mean age 
± standard deviation (SD) 20.1±2.28, ranging from 18 
to 29 years) were clinically observed and evaluated in 
2000 at a dental offi  ce in Koprivnica barracks (north-
west Croatia) during a systematic medical checkup. 
Th e second group consisted of 56 male dental students 
from 1st to 4th study year at the School of Dental Med-
icine, University of Zagreb (mean age ± SD 21.5±1.65, 
ranging from 19 to 25 years), selected from practical 
study groups. All participants gave their informed 
consent prior to enrolment in the study.

Caries experience of recruits was diagnosed by 
standard dental instruments and diagnostic light and 
Kuhhorn probe. Diff erent eff ects of dental caries expe-
rience on oral health were described by the FST index 
(number of fi lled (F) and sound (S) teeth (T)) and 
DMFT index (number of decayed (D), missing (M) 
and fi lled (F) teeth (T)). Th is clinical classifi cation in-
cludes diagnosed caries lesions (D) with cavitations 
(D

2-4
) that can be identifi ed by probing. Initial lesions 

were not considered31,32. Wisdom teeth were not ex-
amined. Th e study included recruits who had no caries 
experience (DMFT=0). No radiographs were taken 
because the x-ray diagnostics was only accessible in the 
public hospital of Koprivnica. All subjects were divid-
ed according to age and place of residence (urban or 
rural)33. Th ey were also interviewed about their dietary 
habits (consumption of sugar – yes, no), daily number 
of tooth brushing (1, 2, 3, or >3), reason to visit the 
dentist during a year (regularly, irregularly) and smok-
ing of tobacco (yes, no). Level of education (elemen-
tary school, high school, and university level) was only 
recorded in recruits.

Statistical analysis was performed by using the 
STATISTICA statistical software and the following 
statistical methods: χ2-test, Kruskal-Wallis test, Fisher 

exact test, Spearman correlation coeffi  cients, and logis-
tic regression. Diff erences were considered statistically 
signifi cant at the level of p<0.05.

Th e reliability of the results was tested by random 
selection of 30 recruits from this study for repeat ex-
amination by two researchers (T.B. and I. S. P.). Th e 
intra-examiner and inter-examiner agreements were 
evaluated by Cohen kappa index (κ=0.75-0.84). Fol-
low-up examination was carried out after a certain pe-
riod and the examiners were not informed about the 
results of the fi rst oral examination of recruits.

Test diff erences in the DMFT and FST indices 
among the subgroups according to the living area, age, 
consumption of sugar, smoking habit of recruits, and 
daily number of tooth brushings of recruits were ex-
amined by use of Kruskal-Wallis test. Comparison be-
tween living areas of recruits with smoking habit and 
level of education was performed by the χ2-test and the 
reason to visit the dentist during a year by Fisher exact 
test. Spearman correlation coeffi  cients were used to 
compare numerical variables, i.e. age of recruits, 
DMFT index with its derivative, FST index, and daily 
number of tooth brushings. Test diff erences in the 
DMFT index depending on smoking habit of recruits 
were examined by the analysis of variance. Th e relation 
between the living area and the level of education as 
predictor variables for smoking habit of recruits was 
analyzed using logistic regression. Kruskal-Wallis test 
was used on comparison of DMFT and FST indices 
between recruits and students. Th e χ2-test was used to 
compare living area of recruits with smoking habit and 
reason to visit the dentist during a year.

Results

Th e median value of DMFT was 6 (Fig. 1, Table 1) 
and of FST index 25 (Fig. 2, Table 1). Only 4% of re-
cruits never experienced caries (DMFT=0). Correla-
tion analysis (Spearman correlation coeffi  cients) did 
not show statistically signifi cant correlation between 
age and DMFT index and its derivatives. Positive cor-
relation between DT and MT (p<0.001) and negative 
correlation between FT and DT (p=0.0009) were re-
corded within certain indices on the basis of DMFT 
index. Th ere was no statistically signifi cant correlation 
between DMFT and FST indices and daily number of 
tooth brushing.
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Table 1. Comparison of recruits with smoking habit 
according to living areas

Living area
Smoking – yes 
(n, %)

Smoking – no 
(n, %)

Total 
(n, %)

Urban 78
56.93%
31.45%

59
43.07%
23.79%

137
100.0%
55.24%

Rural 65
58.56.0%
26.21%

46
41.44%
18.55%

111
100.0%
44.76%

Total 143
57.66%

105
42.34%

248
100.0%

Fig. 1. Distribution of DMFT index in the sample of recruits (DMFT = number of decayed 
(D), missing (M) and fi lled (F) teeth (T)).

Fig. 2. Distribution of FST index in the sample of recruits (FST = number of fi lled (F) 
and sound (S) teeth (T)).

No connection (p>0.05) was found between smok-

ing and DMFT, DT, MT, FT and FST indices in re-

cruits. Th ere was no diff erence in smoking habits ac-

cording to the age of recruits (χ2-test=2.7052; p=0.100), 

and the reason to visit the dentist during a year (Fisher 

exact test, p=0.0701). Th ere was no statistically signifi -

cant diff erence between living areas of recruits with 

smoking habit (χ2-test=0.066; p=0.7969) (Table 1). 

Comparison between the levels of education of re-

cruits with smoking habit revealed a statistically sig-

nifi cant diff erence (χ2-test=11.698; p=0.0029) (Table 

2). However, the number of recruits with fi nished ele-



T. Badel et al. Tobacco use and dental caries experience

Acta Clin Croat, Vol. 57, No. 3, 2018 513

mentary school coming from a rural area who smoked 

was signifi cantly larger (logistic regression odds ratio 

(OR)=7.076/95% confi dence interval (95% CI) 1.858-

26.955; p=0.0041).
Th ere was a statistically signifi cant diff erence for 

recruits who smoked in DT (Kruskal-Wallis test=
7.9527 (df )2; p=0.0188) and FST (Kruskal-Wallis 
test=10.9526 (df )2; p=0.0042) indices according to the 
level of education. Th ere were no diff erences in DT 
and FST indices for nonsmokers (p>0.05). Also, smok-
ers showed a statistically signifi cant diff erence in DT 
(Kruskal-Wallis test=4.2851 (df )1; p=0.0384) and 
FST (Kruskal-Wallis test=4.1237 (df )1; p=0.0423) in-
dices according to dietary role of carbohydrates refl ect-
ed in caries development. Again, there was no statisti-
cally signifi cant diff erence in nonsmokers.

Recruits who smoked did not consider the con-
sumption of sugar more irrelevant to oral health (χ2-
test=1.211; p=0.2711) (Table 3). Th ere was no diff er-
ence in daily number of teeth brushing between smok-
ing and nonsmoking recruits (Kruskal-Wallis 
test=0.0021(df1); p=0.9638). Th ere was no statistically 
signifi cant diff erence (χ2-test=3.362; p=0.0667) ac-
cording to the reason to visit the dentist per year.

Comparison of recruits and students showed a sta-
tistically signifi cant diff erence in DMFT and FST in-
dices (Table 4). Only 12.5% of students never experi-

Table 2. Comparison of recruits with/without smoking 
habit according to the level of education

Variable
Elementary 
school 
(n, %)

High 
school 
(n, %)

University 
degree 
(n, %)

Total 
(n, %)

Smoking 
– yes

42
29.37%
16.94%

95
66.43%
38.31%

6
4.20%
2.42%

143
100.0%
57.66%

Smoking 
– no

13
12.38%
5.24%

82
78.10%
33.06%

10
9.52%
4.03%

105
100.0%
42.34%

Total 55
22.18%

177
71.37.7%

16
6.45%

248
100.0%

Table 3. Comparison of recruits with/without smoking 
habit according to dietary habits (sugar consumption)

Variable
Sugar – yes 
(n, %)

Sugar – no 
(n, %)

Total 
(n, %)

Smoking – yes 41
28.67%
16.53%

102
71.33%
41.13%

143
100.0%
57.66%

Smoking – no 37
35.24%
14.92%

68
64.76%
27.42%

105
100.0%
42.34%

Total 578
31.45%

170
68.55%

248
100.0%

Table 4. Comparison of values of DMFT and FST indices between recruits and dental students (Q
1
=25%, Q

2
=75%)

Variable Minimum Q
  1

Median Q
  2

Maximum

DMFT – recruits 0 4 6 10 22

DMFT – students 0 2 5 8 14

Kruskal-Wallis test=4.6687 (df )1; p=0.0307

DT – recruits 0 1 2 4 14

DT – students 0 0 0 0 3

Kruskal-Wallis test=67.5544, df(1); p<0.0001

MT – recruits 0 0 1 2 13

MT – students 0 0 0 0 4

Kruskal-Wallis test=30.1880, (df )1; p<0.0001

FT – recruits 0 0 2 5 19

FT – students 0 2 5 8 14

Kruskal-Wallis test=13.4869, df(1); p=0.0002

FST – recruits 7 22 25 27 28

FST – students 24 28 28 28 28

Kruskal-Wallis test=72.1599 (df )1; p<0.0001

Q = quantile; DMFT = number of decayed (D), missing (M) and fi lled (F) teeth (T); FST = number of fi lled (F) and sound (S) teeth (T)
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enced caries (DMFT=0). While the mean percentage 
of treated teeth in recruits was 49%±37%, it was as 
high as 94.3%±17.8% in students (Kruskal-Wallis 
test=114.8045 (df )1; p<0.0001). As much as 28.2% of 
recruits had completely untreated teeth (healed teeth 
0%), and only 18.6% had completely treated teeth 
(healed teeth 100%). On the contrary, only one student 
(1.9%) did not have treated teeth and 75% of them had 
completely treated teeth. Th e share of students (85.7%) 
coming from an urban place of residence as compared 
to recruits (45.1%) was statistically signifi cant (χ2-
test=17.8076; p<0.0001).

Unlike recruits who mostly (68.6%) did not con-
sider sugar consumption relevant to oral health, a sig-
nifi cantly smaller share of students considered it to be 
true (10.7%) (χ2-test=62.6843; p<0.0001). Th e share of 
recruits who were smokers (57.7%) was signifi cantly 
larger than the share of students (28.6%), which also 
yielded a statistically signifi cant diff erence (χ2-test=
15.4964; p<0.0001).

Discussion

Oral health is related to nicotinism (principally 
cigarette smoking) and includes various dental diseas-
es (e.g., periodontal diseases, caries and tooth loss, gin-
gival recession) and oral diseases such as cancer and 
precancerous lesions2,34. Smoking is one of the leading 
risk factors for stroke, and it does not spare younger 
population35. Tobacco habits are considered risk fac-
tors for caries development2.

Taking into account the fact that contemporary 
Croatia is a country with characteristics of socioeco-
nomic transition, more smokers and more caries in 
various groups of general population are to be expect-
ed. Studies in young people such as medical students 
found the prevalence of smokers in 1989/2000 to be 
29%/31%6. A very high prevalence of smokers of 
55.8% was found in a population of high-school stu-
dents7. Zajc et al.30 found close correlation (p<0.001) 
between recruits who were smokers (63.8% of sample) 
and dental readiness for combat.

Epidemiological data from Croatia show variable 
prevalence of smokers (between 23% and 32%) in dif-
ferent regions4. Results of the epidemiological study of 
smoking prevalence in Croatia from 2003 showed 24%-
33% of male smokers and 10%-21% of female smokers, 
depending on the region8. Th e prevalence of heavy 

smoking in Croatia depended on gender (male), age 
(35-64), low education, migrations during the war, etc.5.

Military recruits were researched in many countries 
worldwide from the aspect of general population oral 
health. Results revealed the mean value of DMFT in-
dex of 8.06 for draft registrants in federal republics of 
former Yugoslavia (7.64 in rural subjects and 8.52 in 
urban subjects). For Croatian recruits, DMFT value 
was 8.41 (DT: 3.87, MT: 1.15 and FT: 3.39) and was 
higher in urban environment as compared with sub-
jects living in rural environment (8.54 vs. 8.2; DMFT: 
8.2)11. Our study from 1998 established a median value 
of 7 for DMFT index for Croatian recruits from Ko-
privnica12. Škec et al.14 examined oral health of the 
Croatian Army recruits and professional soldiers. Th ey 
found DT of 5.84 per recruit and 2.71 per professional. 
Only 1.53% of study subjects had DMFT=0.

In 2008, caries was found to have increased 
(DMFT value: 4.1) in Australian recruits aged 17-30 
(previously recorded DMFT was 3.8)15. In Danish re-
cruits, a 63% decrease of caries was recorded between 
1972 and 1993 (DMFT 6.2. in 1993)16. In German 
recruits, the mean DMFT index was 7.517. In Italian 
recruits, the mean DMFT was 7.1418. Campos et al.19 
confi rmed correlation between dental caries and smok-
ers in a sample of Italian adults attending Military 
Academy. Caries of dental surface ranged from 0.6 in 
the nonsmoker subgroup to 1.1 in heavy smokers. 
Also, the share of subjects without caries experience 
was 15.9%, which is not only higher from our sample 
of recruits but also from our sample of dental students. 
In Norwegian recruits, caries decrease to DMFT value 
of 10.2 was revealed20. In a study including Swiss re-
cruits, a DMFT value of 10.1 and 3.51 was established 
in 1985 and 2006, respectively21. In Royal Air Force 
recruits, caries decrease to DMFT 6.5 was found22. A 
study in Turkish recruits established a DMFT value of 
6, with a signifi cant relationship between DMFT val-
ue and sugar consumption23.

Although caries prevalence increased in Australian 
Navy recruits, it was found that the prevalence of Aus-
tralian recruits with no caries experience (DMFT=0) 
was 20.5% for age 17-3015. We found 2.6% and 9.3% 
of Croatian recruits with no caries experience in 1998 
and 2001, respectively12,13. In a population of 19-year-
old Croatian male recruits, the DMFT value was 7.32. 
Th e subjects who did not smoke tobacco had less de-
cayed teeth (DT index, p<0.001) and more teeth with 
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fi llings and/or sound teeth (FT, p=0.005 and FST, 
p=0.004)36.

Since caries has a permanent eff ect on oral health, 
comparisons with the adolescent population are pos-
sible; in Danish adolescents, DMFT was 2.03, and 
38% of them never experienced caries (DMFT=0)24. 
Th e socioeconomic connection between caries onset 
and its eff ects on oral health was also determined in 
American students25. Two subpopulations (suburban 
area/downtown area) of Brazilian adolescents were 
shown to be similar: caries free (DMFT=0) (29.7/26.5), 
DMFT (3.01/2.95), and MT (0.05/0.01). A statisti-
cally signifi cant diff erence was visible for DT 
(1.22/0.37) and FT (1.67/2.52) values37. All indicators 
of caries showed higher DMFT values in our study, 
whereas similar values were obtained only in a popula-
tion of dental students regarding DT, MT and FT in-
dices.

In a population of Hungarian police students (9.7% 
of females), it was determined that only 9.4% were 
caries free (DMFT=0), which is more than in our 
study. DMFT value was 10.3, whereas DT was 7.8 
and MT 1.6, i.e. higher as compared with our study; 
the FT value was lower (0.9), showing higher caries 
experience and less treated teeth as compared to our 
study38.

In a French population of students, a lower DMFT 
value was recorded (mean value 4.4) compared to our 
study, while the share of smokers was approximately 
the same (27.6% of French compared to 28.65% of 
Croatian students in this study)26. In a recent study of 
oral health in students at the University of Zagreb, 
Šimat et al.27 found the mean DMFT of 7.97, with a 
higher value for males than females. Dental students 
had a mean DMFT of 6.96 and the non-dental stu-
dent group had DMFT of 8.97.

In conclusion, as in other parts of the world, caries 
incidence was found to decrease in the population of 
the Croatian Army recruits. Th is study was the fi rst in 
Croatia to relate caries experience to smoking in a het-
erogeneous socioeconomic group of recruits. In order 
to increase the effi  ciency, smoking as a feature related 
to dental status should be reduced. Smoking was 
shown to be more prominent in recruits of lower edu-
cation, which was also seen worldwide28, but it did not 
depend on the living area, which other researchers did 
not investigate. Dietary habits and the method of oral 
hygiene were not diff erent in smokers and nonsmok-

ers, which was not considered in previous studies ei-
ther. Th e index of fi lled and sound teeth (FST) is a 
more appropriate tool for describing variation in the 
population with higher caries experience, especially 
according to dietary role of carbohydrates. In compar-
ison of recruits and dental students, 71.43% of the stu-
dents were nonsmokers and had urban residence, 
whereas 57.66% of army recruits were smokers.
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Sažetak

SOCIOEKONOMSKI UTJECAJ UPOTREBE DUHANA I ISKUSTVO ZUBNOG KARIJESA 
U RAZLIČITIH HRVATSKIH POPULACIJA MUŠKARACA

T. Badel, I. Savić Pavičin, K. Bašić i V. Bašić Kes

Svrha istraživanja je bila procijeniti iskustvo dentalnog karijesa u različitih populacija muškaraca: novaka Hrvatske vojske 
i studenata dentalne medicine, kao i naviku pušenja vezano za stupanj obrazovanja i prebivalište. Prema indeksima DMFT i 
FST evaluirani su novaci Hrvatske vojske (n=248, prosječne dobi 20,2 godina) i muški studenti dentalne medicine (n=56, 
prosječne dobi 21,5 godina) podijeljeni prema dobi i prebivalištu te intervjuirani vezano za njihove prehrambene navike i 
pušenje duhana. Medijan indeksa DMFT za novake bio je 6, a indeksa FST 25. Statistički značajna razlika zabilježena je 
između DT i FST indeksa (p<0,05) s obzirom na ulogu prehrane ugljikohidratima vezano za razvoj karijesa. Bilo je značajno 
više (p=0,0041) novaka koji puše te sa završenom osnovnom školom iz ruralnog područja (ukupno 57,66% pušača). Za stu-
dente dentalne medicine medijan indeksa DMFT je bio 5, sa statističkom značajnošću u usporedbi s novacima (p=0,03). 
Postojala je i razlika za indeks FST (medijan 28, p<0,0001). Studenti su većinom bili nepušači (71,43%) i imali su urbano 
prebivalište (p<0,0001). Indeks FST bio je specifi čniji indikator za socio-ekonomski heterogeni uzorak novaka (više ih je bilo 
s ruralnim prebivalištem i nižim stupnjem obrazovanja) nego kod studenata dentalne medicine (više ih je bilo s  urbanim 
prebivalištem).

Ključne riječi: Dentalni karijes; Prevalencija; Duhan, pušenje; Hrvatska
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