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Abstract
Background. Dental caries is a multifactorial disease and its management requires a thorough analysis 
of its etiological factors.

Objectives. The present study used a multivariate approach to investigate the associations of socioeco-
nomic and health-related determinants with untreated tooth decay and level of oral hygiene in adult in-
dividuals. 

Material and methods. A cross-sectional study involved 597 adult patients. Health and socioeconomic 
status were assessed using a self-administered structured questionnaire. The presence of decayed teeth 
was recorded clinically using the World Health Organization diagnostic thresholds. Oral hygiene level was 
estimated using the plaque index. Multiple linear regression analysis was used to explore the associations 
of socioeconomic and health-related variables with the number of decayed teeth and level of oral hygiene.

Results. Socioeconomic and health-related variables explained 34.1% of  the observed variation 
in the number of decayed teeth (p < 0.001) and 19.2% of  the observed variation in the plaque index 
(p < 0.001). Analysis revealed several significant associations for both decayed teeth and plaque index 
scores. Males had 2.3 more untreated decayed teeth than women and an  increased plaque index score 
of 0.3 units (unique contributions of 6.6 and 4.2%, respectively). An increase in self-assessed household 
economic status decreased the average number of decayed teeth by 1.3 and the plaque level score by 0.13 
(unique contributions of  3.13% and 1.46%, respectively). Smokers presented with 1.78 more decayed 
teeth than non-smokers (unique contribution of 2.1%) and an increase in the plaque index by 0.48 units 
(unique contribution of 8.5%).

Conclusions. Untreated dental caries and dental plaque severity share the same socioeconomic and 
health-related determinants.
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Introduction
The World Health Organization (WHO) defines dental 

caries or tooth decay as a significant public health prob-
lem and the most widespread noncommunicable disease 
worldwide.1 The general level of caries varies significantly 
between European countries, and its prevalence in Croa-
tia is high. The decayed, missing and filled teeth (DMFT) 
index of  both 12-year-old children and adults in this 
country significantly exceeds the average DMFT index 
of  the European population.2 A  recent study conduct-
ed on Croatian schoolchildren reported that one third 
of participants had gingivitis, while half of them had car-
ies.3 The consequences of a high caries prevalence are se-
vere and can have a cumulative effect in adulthood. Den-
tal caries and its potential consequences, endodontic and 
periapical disease, were shown to be the most frequent 
causes of permanent tooth loss in Croatia.4 Although the 
loss of  teeth can also be attributed to the treatment ap-
proach of dentists, views of patients, and accessibility and 
standard of dental care, it is important to treat teeth with 
active caries as early as possible.

Dental caries in adults is a  multifactorial disease and 
its management requires thorough identification of  its 
etiological factors, as well as recognition of its cumulative 
nature.1,5 A  growing amount of  evidence indicates that 
general and oral health are influenced by socioeconomic 
status (SES). It seems that socioeconomic factors have 
an indirect influence through environmental factors and 
impact disease processes through psychosocial stress and 
health-related habits.6 Educational background, SES and 
gender have already been identified as factors influenc-
ing oral health.7,8 Previous investigations have reported 
that level of  education, employment status, household 
income, smoking habits, dental service usage, gender, 
daily medications, and marital status seem to contribute 
to tooth decay in adults.7–10 Also, a clear socioeconomic 
gradient in health behavior has been established, indicat-
ing that individuals with lower educational levels report 
a higher frequency of health-compromising behaviors.11

As a recent study showed that an absence of pain was 
the most common justification given for leaving decayed 
teeth (DT) untreated, it seems that the merits of  treat-
ment may be outweighed by other priorities.12 Consider-
ing the detrimental effects of untreated caries not only on 
dentition, but on overall life quality as well, it is important 
to identify the reasons for leaving teeth with active caries 
untreated in adults.

Poor oral hygiene results in an accumulation of dental 
plaque, which harbors bacteria and their toxins. The role 
of dental plaque in dental caries disease is well known.13 
Age, gender, SES, and birth-rank were identified as sig-
nificant predictors of  oral hygiene status in schoolchil-
dren.14 Considering the cumulative effects of  poor oral 
hygiene on caries status, it may be presumed that similar 
social predictors can be significant in adulthood. Further-

more, a  recent study identified oral hygiene, education 
and employment status as significant predictors for un-
treated decay, indicating the need to pay attention to oral 
hygiene in socially vulnerable groups in order to promote 
oral health.15 The connection between oral and systemic 
health is one of the most significant problems faced by the 
medical and dental scientific community.16 A recent study 
reported a significant association of self-reported health 
with dentate status, and confirmed the connection be-
tween oral and systemic health. These results emphasize 
the importance of preserving natural dentition as a global 
goal to improve systemic health.17

The hypothesis of the present study was that untreated 
dental caries and dental plaque severity share the same 
socioeconomic and health-related determinants. There-
fore, this research used a multivariate approach to investi-
gate and quantify the associations of self-reported socio-
economic and health status with the number of untreated 
DT and the level of oral hygiene in adult individuals.

Material and methods
The present investigation is a  part of  a  larger cross-

sectional study on apical periodontitis risk indicators 
and their influence on periapical status in adult pa-
tients. It received approval from the institutional Ethical 
Committee of the Clinical Hospital Center, Rijeka, Croatia 
(No. 003-05/13-01/03).

The sample for the present survey was drawn from 
1072 eligible patients older than 18 years who attended 
the University Dental Clinic at Rijeka Clinical Hospital 
Centre, Rijeka, Croatia, for the first time and presented 
consecutively within a  2-year period. General practitio-
ners from 3 counties referred these patients to the Dental 
Clinic since it is the only healthcare institution in the area 
providing full specialist dental care through the health in-
surance system.

The sample and the criteria for inclusion and exclu-
sion were previously described by Peršić Bukmir et al.18 
Patients were excluded if they refused to take part in the 
study, received endodontic treatment within previous 2 
years, had seven or fewer remaining teeth, and/or suffered 
from periodontal disease. Additionally, 2 patients who did 
not complete the questionnaire were excluded. Criteria 
developed by Machtei  et  al. were used for establishing 
the presence of periodontal disease.19 Application of the 
exclusion criteria provided a  sample comprised of  597 
participants – 190 males (31.8%) and 407 females (68.2%). 
All participants agreed to be included in the study by 
signing an informed consent form. The investigation was 
conducted in accordance with the principles of the World 
Medical Association Declaration of Helsinki.

Data was acquired through clinical examination and 
a self-administered questionnaire filled in by the partici-
pants. The structured questionnaire was used to obtain 
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data on participant health condition, health-related habits 
and SES. Clinical examinations were carried out in a den-
tal chair under standard light. Oral hygiene levels were as-
sessed utilizing the plaque index (PI) in accordance with 
the Sileness and Löe criteria.20 Four surfaces of  6 teeth 
were examined (16, 12, 24, 36, 32, and 44). No disclosing 
solution or tablets were used in order to avoid interfer-
ence with caries registration. After cleaning and drying 
with compressed air, teeth were examined using a dental 
mirror and a community periodontal index (CPI) probe. 
All teeth, with the exception of impacted teeth and third 
molars, were recorded. To avoid uncertainties regarding 
early caries detection, diagnostic thresholds according to 
the WHO were applied. A diagnosis of caries was estab-
lished only in the presence of cavitated lesions.21

One of the authors who underwent calibration for the 
clinical diagnosis of  dental caries and PI collected the 
clinical data. The calibration was performed according 
to WHO recommendations.21 An  evaluation of  diag-
nostic intra-examiner reliability was performed through 
double scoring of 30 randomly selected participants with 
a 1-week time interval for dental caries and 1 h for dental 
plaque. The intra-examiner agreement scores produced 
kappa values of  0.92 for the clinical diagnosis of  dental 
caries and 0.85 for plaque assessment.

To explore the associations of socioeconomic and health-
related variables with untreated DT and the level of  oral 
hygiene, 2 multiple linear regression models were em-
ployed. The 1st used DT as an outcome variable, as it pro-
vides a measure of more recent untreated disease experi-
ence. This variable was also used in a previous study.22 In the 
2nd model, PI was used as an outcome variable. An overview 
of the socioeconomic and health-related predictor variables 
tested in both models is presented in Table 1.

Statistical analysis 

Statistica, v. 13.0 software (StatSoft Inc., Tulsa, USA) 
was used to perform the statistical analysis. The level 
of statistical significance was set at p < 0.05. Testing for 
a normal distribution was accomplished with the Lilliefors 
test. Considering that the data was not distributed nor-
mally, median and interquartile range (IQR) were used as 
measures of central tendency and dispersion. To test for 
differences between the groups in continuous variables, 
the Mann–Whitney U test was chosen. To examine the 
associations between the dependent variables (number 
of DT and PI) and predictor variables, multiple linear re-
gression analysis (backward model) was used.

Results
The median age for all participants was 34 years, with 

an IQR of 24.0–47.0. Most of the sample consisted of fe-
males (68.2%). No significant age difference between male 

and female participants was found (Mann–Whitney test, 
p  =  0.511). The median number of  teeth present in the 
sample was 26 per person, with an IQR of 24–28. The av-
erage values for DT and PI were 5.0 (IQR 2.0–8.0) and 0.8 
(IQR 0.4–1.25), respectively. Figure 1 shows the distribu-
tion of the number of DT per person. Only 69 participants 
(11.6%) had no teeth with untreated decay.

Multiple linear regression analysis was applied to iden-
tify possible socioeconomic and health-related determi-
nants associated with the DT and PI scores. The variables 
demonstrating the best fit are presented in Tables 2 and 3.

Table 1. Predictor variables tested in multivariate regression analysis and 
distribution of 597 participants according to observed variables

Variable Registration  
and codes n (%)

Socioeconomic  
variables

age continuous variable –

gender
0 = female 407 (68.2) 

1 = male 190 (31.8)

level of education

1 = low 19 (3.2)

2 = medium 343 (57.4)

3 = high 235 (39.4)

self-assessed 
economic status 

of household

1 = below the average 98 (16.4)

2 = average  369 (61.8)

3 = above the average 130 (21.8)

residency
0 = urban 134 (22.4)

1 = rural 463 (77.6)

marital status
0 = single 298 (49.9)

1 = cohabiting 299 (50.1)

Health-related  
variables

smoking behavior
0 = no, occasionally 473 (79.2) 

1 = everyday smoker 124 (20.8) 

complementary 
health insurance

0 = no 125 (20.9) 

1 = yes 472 (79.1)

number of dental 
visits during the 

last year

1 = <2 225 (37.7)

2 = 3–10 257 (43.0)

3 = >10 115 (19.3)

number of visits 
to family doctor 

during the last year

1 = <2 359 (60.1)

2 = 3–10 179 (30.0)

3 = >10 59 (9.9)

dental visit to private 
practice during  

the last year

0 = no 418 (70.0)

1 = yes 179 (30.0)

dentist providing 
dental care 

through health 
insurance system

0 = no 25 (4.2)

1 = yes 572 (95.8)

family doctor 
providing care 
through health 

insurance system

0 = no  15 (2.5)

1 = yes 582 (97.5)

self-perceived 
general health

1 = excellent 114 (19.1)

2 = very good 230 (38.5)

3 = good 150 (25.1)

4 = satisfying 103 (17.3)
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Socioeconomic and health-related variables ex-
plained 34.1% of the observed variation in the number 
of untreated DT (Table 2; p < 0.001) and 19.2% of the 
observed variation in PI (Table  3; p  <  0.001). Seven 

variables were significantly associated with DT scores, 
and the most important was a dentist providing dental 
care through the health insurance system, followed by 
the number of dental visits during the last year, gender, 
and a dental visit to a private practice during the last 
year. These variables accounted for 6–9% of  the vari-
ability (Table 2). Six variables were significantly associ-
ated with PI scores. In this case, smoking behavior and 
a dental visit to a private practice during the last year 
accounted for a  major part of  variability with unique 
contributions of 8.5% and 7.7%, respectively (Table 3). 
Analysis revealed the same 5 significant associations 
for both DT and PI scores.

It was observed that an increase in self-assessed house-
hold economic status was related to a decrease the aver-
age number of DT by 1.3 and the PI score by 0.13 (unique 
contributions of 3.13% and 1.46%, respectively). Partici-
pants who visited the dentist more often presented with 
more DT. However, they had lower PI scores. Although 
the number of dental visits during the previous year ac-
counted for a major part of  the variability in DT scores 

Table 2. Association of socioeconomic and health-related variables with the number of decayed teeth (DT)

Independent variables B SE p Sr

Constant 11.935 – – –

Age −0.003 0.013 0.817 −0.010

Self-assessed economic status of household (1 = below average; 2 = average; 3 = above the average) −1.296 0.299 <0.001 −0.177

Self-perceived general health  (1 = excellent; 2 = very good; 3 = good; 4 = satisfying) −0.357 0.185 0.054 −0.080

Number of dental visits during the last year (1 = less than 2; 2 = 3–10; - 3 = more than 10) 1.657 0.230 <0.001 0.286

Number of visits to family doctor during the last year(1 = less than 2; 2 = 3–10; 3 = more than 10) 0.472 0.299 0.116 0.065

Family doctor providing care through health insurance system (0 = no; 1 = yes) −1.531 1.612 0.343 −0.039

Dentist providing dental care through health insurance system (0 = no; 1 = yes) −3.784 0.494 <0.001 −0.302

Dental visit to private practice during the last year (0 = no; 1 = yes) −2.362 0.380 <0.001 −0.249

Residency (0 = rural; 1 = urban) −2.008 0.380 <0.001 −0.213

Gender (0 = female; 1 = male) 2.310 0.360 <0.001 0.256

Smoking behavior (0 = no or occasionally; 1 = yes, every day) 1.782 0.501 <0.001 0.145

Explained variance (R2-adjusted) = 0.341; B – regression coefficient; SE – standard error of B coefficient; Sr – semi partial correlation indicates the unique 
contribution to number of decayed teeth. 

Table 2. Association of socioeconomic and health-related variables with plaque index

Independent variables B SE p Sr

Constant 1.212 – – –

Self-assessed economic status of household (1 = below average; 2 = average; 3 = above the average) −0.130 0.044 0.003 −0.121

Level of education (1 = low; 2 = medium; 3 = high) −0.125 0.047 0.008 −0.110

Number of dental visits during the last year (1 = less than 2; 2 = 3–10; 3 = more than 10) −0.075 0.035 0.032 −0.089

Dentist providing dental care through health insurance system (0 = no; 1 = yes) 0.217 0.126 0.087 0.071

Dental visit to private practice during the last year (0 = no; 1 = yes) −0.398 0.057 <0.001 −0.278

Residency (0 = rural; 1 = urban) 0.110 0.061 0.073 0.074

Gender (0 = female; 1 = male) 0.298 0.059 <0.001 0.205

Smoking behavior (0 = no or occasionally; 1 = yes, every day) 0.477 0.065 <0.001 0.291

Explained variance (R2-adjusted) = 0.192. B – regression coefficient; SE – standard error of B coefficient; Sr – semi partial correlation indicates the unique 
contribution to plaque index.

Fig. 1. Distribution of the number of decayed teeth per person 
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(unique contribution of  8.17%), it accounted for a  low 
proportion of the variability in PI scores (unique contri-
bution of 0.79%).

A visit to a private dental practice during the previous 
year reduced the number of teeth with untreated caries as 
well as the PI. Participants who visited a private dentist 
had on average 2.4 less DT and their PI was reduced by 0.4 
units (unique contributions of 6.2% and 7.7%, respective-
ly). Males were associated with a  higher number of  DT 
and a higher PI level (unique contributions of 6.6% and 
4.2%, respectively). On average, males had 2.3 more un-
treated DT than women and their PI score was increased 
by 0.3 units. Everyday smokers presented with 1.78 more 
DT than persons who did not smoke or smoked occasion-
ally (unique contribution of 2.1%). Smoking on daily basis 
resulted in an increase in the PI by 0.48 units and account-
ed for major part of the variability (unique contribution 
of 8.5%).

Level of  education was identified as a  significant pre-
dictor only for oral hygiene. A  negative association was 
established between education and PI, implying that par-
ticipants with a higher education level have lower plaque 
levels. However, this variable accounted for a lower pro-
portion of variability (unique contribution of 1.2%). Par-
ticipants who did not have access to a dentist providing 
dental care through the health insurance system had on 
average 3.8 more DT (unique contribution of 9.1%). Par-
ticipants living in urban areas had significantly fewer un-
treated carious teeth than participants living in rural ar-
eas (on average 2 teeth less; unique contribution of 4.5%).

Discussion
The present study identified the same 5 socioeconomic 

and health-related predictors for the severity of untreated 
dental caries and oral hygiene level: gender, self-assessed 
household economic status, number of dental visits dur-
ing the last year, a dental visit to a private practice during 
the last year, and smoking behavior.

A commonly used measure for dental caries is the 
DMFT index. This is a sum of the number of decayed (D), 
missing (M) and filled (F) teeth (T), and is a relevant tool 
for the assessment of caries status in a population.2 In the 
present study, the number of DT was used as an outcome 
variable for several reasons. First, in a cross-sectional de-
sign, it is impossible to be sure that all presently filled and 
missing teeth were preceded by tooth decay. Furthermore, 
while the M and F components reflect a  consequence 
of disease and its treatment outcome, the number of DT 
may be a better measure of disease without the influence 
of dental treatment.22 In the present study, caries was re-
corded according to the WHO criteria, which means that 
it was diagnosed at advanced stage and a possible under-
estimation of  untreated disease in the surveyed sample 
should be considered.

One of the main limitations of this study is that, unlike 
the community-based studies where samples are drawn 
from randomly selected residents of  a  certain area, our 
sample comprised of  patients referred by their general 
practitioners to a  dental clinic. The high active caries 
prevalence can be attributed to the clinic-based design 
of the study. Therefore, the present results should be in-
terpreted carefully regarding general population. None-
theless, as to our knowledge, no similar study has been 
conducted in Croatia or in the neighboring countries. 
Thus, these results can make a contribution to the plan-
ning of public dental health measures.

Our results demonstrated a  difference in active car-
ies disease prevalence across gender. Men experienced 
a  significantly higher burden of  untreated dental decay 
and had on average 2.3 more DT than women. Also, male 
participants had a significantly lower level of oral hygiene. 
There is a  plethora of  studies reporting more positive 
dental attitudes and habits in female than male partici-
pants, namely more regular visits to the dentist, and more 
frequent brushing and use of dental floss.23,24 The fact that 
the present sample comprised of  a  considerably smaller 
proportion of male participants can be attributed to the 
lower utilization of dental services by males.

The influence of social gradient on dental caries preva-
lence has been previously reported.6,25 It is assumed that 
socioeconomic factors can affect the disease process in-
directly through behavioral patterns and lifestyle.26 Many 
variables have been used in studies in this field to describe 
socioeconomic differences in various populations. How-
ever, no consensus regarding which variables are most 
valid for describing SES has been reached. In the pres-
ent study, self-assessed household economic status was 
used as an indicator of socioeconomic well-being. An in-
crease in self-assessed household economic status was 
significantly associated with a decreased average number 
of DT and better oral hygiene. Our results also revealed 
an association between educational background and oral 
hygiene – participants with a higher education level had 
better oral hygiene. Several studies have reported that 
a  lower educational level is a  risk factor for DT.7,8,27 Al-
though the present study did not demonstrate an associa-
tion between education and the severity of active caries, 
it is possible that educational background may influence 
caries prevalence indirectly through dental habits, such as 
oral hygiene.

Participants who visited the dentist more often present-
ed with more DT and better oral hygiene. It is possible that 
persons with more carious teeth seek dental care more of-
ten, but also may adopt a higher standard of oral hygiene. 
The variable of  a  dentist providing dental care through 
the health insurance system was the most significant pre-
dictor for active caries severity, accounting for 9.1% of the 
variability in the number of DT. Participants who did not 
have access to a  dentist providing dental care through 
the health insurance system had on average 3.8 more DT. 
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An interesting finding was that participants living in ru-
ral areas had on average 2 untreated carious teeth more 
than those living in urban areas. A  survey investigating 
the reasons for permanent tooth extractions in urban and 
rural populations of Croatia reported that in rural areas, 
people more often lost teeth because of endodontic and 
periapical disease.4 Therefore, more teeth were lost in the 
rural population due to the consequences of  untreated 
dental caries. Even though we have no scientific explana-
tion for this, it may be hypothesized that patients living in 
rural areas have lower accessibility to dental care or a lack 
of motivation for dental visits and treatments.

Smoking on a daily basis was a significant predictor for 
both untreated dental caries and plaque severity. Moreover, 
it accounted for major part of the variability in oral hygiene 
level (unique contribution of 8.5%). This is in line with pre-
vious reports. 9,10 Bernabé et al. reported the relationship 
between daily smoking and DT over a 4-year period. Smok-
ers had poor dental attendance, and exhibited a high sugar 
consumption and infrequent tooth brushing.10

This study has several limitations, including its cross-
sectional, clinic-based design and a  lack of  question-
naire validation. Cross-sectional studies do not allow for 
an  estimation of  the cause–effect relationship. There-
fore, a  conclusion that the relationships between socio-
economic and health status and untreated DT and level 
of  oral hygiene are causal cannot be derived from the 
present data. Due to the clinic-based study design, it is 
likely that the prevalence of caries is higher than that ex-
pected for the general population. Another consequence 
of the clinic-based design is a greater prevalence of female 
participants in the sample. Although this may reflect the 
greater conscientiousness of women in the usage of den-
tal care and attending check-ups,28 it may also represent 
a study limitation. Different studies have used a plethora 
of variables to index socioeconomic and health status in 
various populations. In the present study, the data related 
to the health condition and SES of  the participants was 
acquired using a  structured questionnaire designed for 
this research. One of the limitations of this study is a lack 
of questionnaire validation. Such validation is related to 
its generalizability, adaptation and semantic equivalence. 
The lack of  a  cross-culturally validated research instru-
ment can cause difficulties when comparing the results 
between studies.29

The intent of  this study was to relate socioeconomic 
and health variables with the severity of untreated cari-
ous disease and the level of  oral hygiene in adult users 
of specialist dental care. Bearing in mind the limitations 
of this study, the results should be carefully interpreted. 
However, our hypothesis that untreated dental caries and 
dental plaque severity share the same socioeconomic and 
health-related determinants can be confirmed. Dental 
caries in adults is a multifactorial disease and its manage-
ment requires a thorough identification of its etiological 
factors. While the role of dental plaque in dental caries 

has been well established, understanding the etiology 
of caries demands information other than that merely re-
lated to the biological mechanisms in the individual.

Conclusions
The results revealed a socioeconomic gradient for un-

treated dental caries and oral hygiene level, indicating 
more untreated carious teeth and worse oral hygiene in 
the case of lower SES. This study emphasizes the need to 
educate adults on oral hygiene improvement and the early 
treatment of  dental caries, as well as its associated dis-
eases. These measures should particularly target socially 
vulnerable groups and the inhabitants of rural regions.
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