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Abstract
Background Although, studies from Norway indicate a reduction in dental caries experience, in Northern-Norway 
this non-communicable oral condition is still prevalent. There is conflicting evidence of presence of social inequalities 
in dental caries in an adult population. Therefore, the aim of this study was to assess an association between 
educational level and dental caries experience in adults in urban Tromsø municipality, Northern-Norway, using 
The World Health Organization (WHO) Commission on Social Determinants of Health (CSDH) framework of health 
determinants.

Methods Data from 3752 participants having recorded dental caries status and educational level in the seventh 
survey of the Tromsø Study: Tromsø7 were included. Dental status was examined clinically as decayed-, missing-, 
filled-teeth (DMFT score). For statistical analyses DMFT score was grouped into lower (DMFT < 19) and higher 
(DMFT ≥ 20). Educational level was obtained from a questionnaire and categorized as primary/partly secondary 
education, upper secondary education, tertiary education, short and tertiary education, long. Data on social and 
intermediary determinants was also self-reported. Univariable and multivariable binary logistic regression analyses 
were applied.

Result This study included 1939 (52%) women and the mean age of the participants was 57.11. The mean DMFT 
score was 18.03. The odds of having higher DMFT score followed a gradient based on educational level. Participants 
who reported lower than secondary education had 2.06 -fold increased odds of having higher DMFT score than those 
with tertiary education, long (OR: 2.06, 95% CI: 1.50–2.83). Those with upper secondary education had 60% higher 
odds of having higher DMFT score (OR: 1.60, 95% CI: 1.21–2.11), and those with tertiary education, short had 66% 
higher odds of having higher DMFT score (OR: 1.66, 95% CI: 1.24–2.22).

Conclusion The current cross-sectional study suggested an educational gradient in dental caries experience in 
an adult population of Northern- Norway. Further studies validating our results and investigating mechanisms of 
educational inequalities in oral health are warranted.
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Background
Dental caries is a non-communicable oral health condi-
tion and considered a major public health problem [1]. 
Untreated dental caries in the permanent dentition was 
reported as the most prevalent condition in the Global 
Burden of Diseases Study in 2017 [2]. The disease affects 
quality of life and may cause pain and discomfort, tooth 
loss and medical complications [3]. Furthermore, den-
tal caries is an expensive condition to manage, both for 
the affected individuals and society [4]. Although, stud-
ies from Norway indicate a reduction in adult dental car-
ies experience [5, 6], recent epidemiological studies from 
Northern- Norway found that dental caries is still preva-
lent among adults [7–9].

WHO CSDH have summarized evidence on health 
determinants in order to reduce health difference and 
promote equity [10]. In 2010, WHO CSDH published 
the conceptual framework for action on the social deter-
minants of health. This action-oriented framework illus-
trates structural, social and intermediary determinants of 
health, and how these determinants affect health. Struc-
tural determinants, i.e., political, economic, and societal 
context, in which people live, generate stratification, and 
determine people’s socioeconomic position (SEP). These 
structural mechanisms form health opportunities for 
groups based on their placement within the social hier-
archy and produce social inequalities through shaping 
intermediary determinants, i.e., material and family cir-
cumstances, psychosocial, and behavioral factors. The 
most commonly used SEP indicators related to social 
health inequalities are educational attainment, income, 
occupation and social class [11]. These determinants 
have different causal pathways to health. It has been sug-
gested that educational attainment is a basis and a con-
tributor to processes which influences people’s health 
[12]. Generally, the highest level of education is estab-
lished early in the course of life and educational attain-
ment is a relatively unchanging feature comparing for 
example to income.

Inequality in health often manifests in a gradient [13]. 
The social gradient in health describes the slope phe-
nomenon when increasing quantities of resources, such 
as education, correspond with increasing levels of health, 
in a dose response relationship [14, 15]. Several system-
atic reviews demonstrated negative association between 
dental caries and SEP indicators, including educational 
attainment [16–18]. Some recent studies conducted in 
Northern- Norway showed association between educa-
tion level and dental caries experience [7, 8], while one of 
the study where several social, economic and behavioral 
determinants was tested simultaneously in a theoretical 

model failed to demonstrate a direct association [19]. 
These studies were performed mainly in suburban and 
rural areas and did not take into the consideration WHO 
CSDH conceptual framework on social and intermediary 
determinants of health.

The aim of this study was to assess an association 
between educational level and dental caries experience 
in adults in urban Tromsø municipality, Northern-Nor-
way, using WHO CSDH conceptual framework of health 
determinants (Fig. 1).

Methods
Study design and population
This cross-sectional study included data from 3752 par-
ticipants aged 40–92 years who had data on both dental 
caries experience and educational level in the seventh 
survey of the Tromsø Study: Tromsø7. All 32 591 inhab-
itants of Tromsø municipality aged 40 years or older were 
invited to participate in the Tromsø7 study [20]. Out of 
them, 21,083 (65%) attended. The data were collected 
from March 2015 to November 2016 and included both 
questionnaires and clinical examinations. A random sam-
ple of 3943 (19%) participants were invited to a clinical 
oral examination [9].

Variables and measurements
The variables in this study were pre-selected based on the 
conceptual framework of this study (Fig. 1).

Outcome variable
The outcome variable, dental caries experience, was 
expressed as DMFT score [21]. In the assessment of 
decayed teeth, the classification by Amarante and col-
leges was employed [22], a five-graded diagnostic scale 
was used (D1–2: decay into enamel; D3–5: decay into den-
tin). The calculation of DMFT score was performed after 
the clinical oral examination based on bite wing radio-
graphs and intra-oral clinical photographs by seven cali-
brated dentists [9]. Two calibration tests were conducted, 
and the dentists had a mean inter- examiner agreement 
of Cohen’s kappa 0.70 and intra-examiner agreement was 
0. 81. For statistical analyses the DMFT score was dichot-
omized into lower DMFT score (0–19) and higher DMFT 
score (20–28). The cut-off point was the median DMFT 
score value in the study sample.

Exposure variable
Participant’s educational level was self-reported and for 
the statistical analyses categorized in line with the inter-
national standard, ‘primary/partly secondary education’ 
(up to 10 years of schooling), ‘upper secondary education’ 
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(a minimum of three years), ‘tertiary education, short’ 
(collage/university less than 4 years) and ‘tertiary educa-
tion, long’ (collage/university 4 years or more) [23]. The 
last group was chosen to be the reference category in the 
binary logistic regression analysis.

Covariates
Social determinants
Social determinants included sex, age and household’s 
gross taxable income last year. Household income was 
grouped into four categories: ‘low’ (≤ 450 000 NOK), 
‘lower middle’ (451–750 000 NOK), ‘upper middle’ (751- 
1 000 000 NOK) and ‘high’ (> 1 000 000 NOK).

Intermediary determinants
Family’s circumstances during childhood were depicted 
by the parents’ education level (categorized in line with 
the international standard), number of siblings (≤ 2, 3–4 
and > 4) and family’s financial situation during childhood 
(‘difficult’ - very difficult, difficult; and ‘good’ - very good, 
good). Civil status was recorded as having spouse or not.

Health-related behavior were represented by smok-
ing status (never, yes; now, yes; previously), alcohol 
consumption (‘never/seldom’ - never, monthly, or more 
seldom; ‘monthly’ − 2–4 times per month; and ‘weekly’ 
− 2–3 times per week, 4 or more times per week) and 
physical activity ‘never/seldom’ - never, less than ones 
a week; ‘often’ - ones a week, 2–3 times a week; ‘daily - 
approximately every day).

Oral health-related behaviors used in the model were 
frequency of soft drinks consumption (‘never/rarely’ 

- rarely/never and 1–6 times per week; and ‘daily’ − 1 per 
day, 2–3 per day, ≥ 4 per day), tooth brushing (‘weekly’ - 
ones a week or more seldom, a couple of times a week; 
and ‘daily’ - one time a day, two or more daily), use of 
fluoridated toothpaste (yes/no), interdental cleaning aids 
(yes/no), use of fluoride supplements (yes/no) and regu-
lar dental care attendance (yes/no). Psychosocial inter-
mediary determinants were ‘dental satisfaction’, which 
was measured on a 5-point Likert scale and categorized 
into ‘not satisfied’ (1–3) and ‘satisfied’ (4, 5).

Statistical analysis
Statistical Package for the Social Sciences Version 27.0 
software was used for statistical analyses (IBM Corp 
Armonk, NY, USA). Chi- square test and independent 
sample t-test were used to analyze differences in distri-
bution of determinants between participants having 
lower and higher DMFT scores. Univariable binary logis-
tic regression analyses were used to explore association 
between DMFT score and educational level, as well as 
other social and intermediary determinants. Multivari-
able binary logistic regression model was used to explore 
association between DMFT score and educational level 
when adjusted for social and intermediary variables 
which were significant in Table 1. A sensitivity analysis, 
which included all the variables listed in Table 1, in the 
multivariable model, was conducted. The level of signif-
icance was set at p = 0.05 and odds ratios (OR) are pre-
sented with 95% confidence intervals (CI).

Fig. 1 Conceptual framework of the study, based on the WHO CSDH framework on social and intermediary determinants of health
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Determinants Lower DMFT 0–19 Higher DMFT 20–28 Missing values n (%) p-value
Social determinants
Education levelc < 0.001d

 Primary/partly secondary education 290 (30.8) 652 (69.2)
 Upper secondary education 568 (51.7) 531 (48.3)
 Tertiary education, short 405 (55.3) 328 (44.7)
 Tertiary education, long 705 (72.1) 273 (27.9)
Sexc 0.741d

 Female
 Male

1012 (52.2)
956 (52.7)

927 (47.8)
857 (47.3)

Agea 51.8 (8.8) 65.1 (9.6) < 0.001b

Household incomec 132 (3.5) < 0.001d

 Low income 265 (32.8) 544 (67.2)
 Lower middle income 519 (48.4) 554 (67.2)
 Upper middle income 526 (60.7) 341 (39.3)
 High income 626 (71.9) 245 (28.1)
Intermediary determinants
Mother’s educationc 100 (2.7) < 0.001d

 Primary/partly secondary education 1233 (45.2) 1494 (54.8)
 Upper secondary education 440 (71.5) 175 (28.5)
 Tertiary education, short 173 (82.0) 38 (18.0)
 Tertiary education, long 87 (87.9) 12 (12.1)
Father’s educationc 135 (3.6) < 0.001d

 Primary/partly secondary education 1019 (44.7) 1261 (55.3)
 Upper secondary education 506 (62.1) 309 (37.9)
 Tertiary education, short 234 (75.2) 77 (24.8)
 Tertiary education, long 163 (77.3) 48 (22.7)
Siblingsc 285 (7.6) < 0.001d

 ≤ 2 1071 (60.6) 696 (39.4)
 ≤ 4 549 (50.2) 545 (49.8)
 >4 233 (38.5) 373 (61.5)
Childhood financialc

situation
88 (2.3) < 0.001d

 Good 1487 (54.9) 1220 (45.1)
 Diffucult 449 (46.9) 508 (53.1)
Spousec 193 (5.1) < 0.001d

 Yes
 No

1501 (54.0)
365 (47.0)

1281 (46.0)
412 (53.9)

Smokingc 16 (0.4) < 0.001d

 Yes, now
 Yes, previously
 Never

239 (46.6)
774 (45.4)
950 (62.6)

274 (53.4)
932 (54.6)
567 (37.4)

Alcohol consumptionc < 0.001d

 Weekly
 Monthly
 Never/seldom

601 (54.6)
818 (55.5)
549 (46.6)

499 (45.4)
656 (45.5)
629 (53.4)

Physical activityc < 0.001d

 Daily
 Weekly
 Never/seldom

574 (51.7)
1137 (54.6)
257 (45.8)

536 (48.3)
944 (45.4)
304 (54.2)

Soft drinksc 133 (3.5) 0.942d

 Weekly
 Daily

64 (52.9)
1862 (53.2)

57 (47.1)
1636 (46.8)

Table 1 Social and intermediary determinants of dental caries stratified by lower and higher DMFT score in the study sample
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Results
Sample characteristics
This study included 1939 (52%) women. Minimum age 
for the participants was 40 years and maximum – 92 
years, the mean age was 57.11, standard deviation (SD) 
11.3. The median DMFT score among all participants 
was 19, inter quartile range (IQR) 9 and mean 18.03, SD 
6.41. Many participants (29%) reported having upper sec-
ondary education, 26% of the participants had tertiary 
education, long and 25% of the participants reported that 
they had primary/partly secondary education.

In total, 1968 (52.5%) of the participants had lower 
DMFT score (0–19) and 1784 (47.5%) had higher DMFT 
score  (20–28). The participants having lower versus 
higher DMFT scores were different regarding their own 
education level, household income, parents’ education 
level, number of siblings, smoking habits, alcohol con-
sumption, and physical activity (Table 1). A higher pro-
portion of participants having higher DMFT score were 
older, had no spouse, had a difficult childhood financial 
situation, reported to brush teeth weekly, did not use 
fluoridated toothpaste and fluoride tablets, and was not 
satisfied with their teeth.

Education level association with dental caries
According to the univariable binary regression analy-
sis, education level was inversely associated with DMFT 

score. The participants with lower than secondary educa-
tion had 5.8-fold increased odds, those with upper sec-
ondary education had 2.4-fold increased odds, and those 
with tertiary education, short had 2.09 -fold increased 
odds of having higher DMFT score compared to the par-
ticipants with tertiary education, long (Table 2).

In the multivariable regression analysis, the associa-
tions between educational level and having higher DMFT 
score remained significant (Table  2). The clear educa-
tional gradient was not observed between intermediate 
educational levels. Participants who had lower than sec-
ondary education had 2.06 -fold increased odds of having 
higher DMFT score than those with tertiary education, 
long (OR: 2.06, 95% CI: 1.50–2.83). Those with upper sec-
ondary education had 60% higher odds of having higher 
DMFT score (OR: 1.60, 95% CI: 1.21–2.11), and those 
with tertiary education, short had 66% higher odds of 
having higher DMFT score (OR: 1.66, 95% CI: 1.24–2.22) 
than those with tertiary education, long, respectively. 
The results from the sensitivity analysis which included 
all pre-selected variables were similar to the results from 
the final multivariable binary logistic regression model 
(Supplementary Table  1). Supplementary Table  2 shows 
associations between all covariates and dental caries 
experience.

Determinants Lower DMFT 0–19 Higher DMFT 20–28 Missing values n (%) p-value
Tooth brushingc 72 (1.9) < 0.001d

 Weekly
 Daily

14 (27.5)
1922 (53.0)

37 (72.5)
1707 (47.0)

Fluoridated toothpastec 127 (3.4) < 0.001d

 No
 Yes

149 (31.6)
1776 (56.3)

322 (68.4)
1378 (43.7)

Interdental cleaning aidsc 130 (3.5) 0.066d

 No
 Yes

455 (56.0)
1472 (52.4)

357 (43.7)
1338 (47.6)

Fluoride tabletsc 374 (10.0) 0.002d

 No
 Yes

1730 (53.4)
91 (66.9)

1512 (46.6)
45 (33.0)

Fluoride rinsec 243 (6.5) 0.520d

 No
 Yes

1565 (53.5)
319 (54.9)

1363 (46.5)
262 (45.0)

Dental care attendancec 69 (1.8) 0.066d

 No
 Yes

165 (48.0)
1775 (53.2)

179 (52.0)
1564 (46.8)

Dental satisfactionc 52 (1.4) < 0.001d

 Satisfied
 Not satisfied

1224 (58.2)
729 (45.7)

879 (41.8)
868 (54.4)

Values in the table: a means (SD) for continuous variables and c number (%) for categorical variables
b Independent sample t-test
d Pearson’s chi-square test

Subgroups may not be total due to missing values

Table 1 (continued) 
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Discussion
The current study indicated educational gradient in den-
tal caries experience among adults in Tromsø munici-
pality, Northern- Norway, when using WHO CSDH 
conceptual framework for health determinants as a basis 
for analysis. Education level was inversely associated with 
dental caries experience even after adjustment for social 
and intermediary health determinants.

Our results are in line with systematic reviews con-
cluding that lower SEP was associated with dental caries 
experience [16, 17]. One of the systematic reviews also 
demonstrated that this relation was significantly higher 
in countries with high compared to low human devel-
opment index [17]. The present study was performed in 
Norway, a country with high human development index. 
Our result are in contrast to a cross- sectional study 
conducted in the United Kingdom, which did not estab-
lish a relationship between educational level and caries 
experience [24]. Of note, that the aspects of intermedi-
ary determinants were not included in the latter study, 
which might be important in the complex understand-
ing of educational inequalities in dental caries. In addi-
tion, a study conducted in Northern- Norway which 
employed structural equation modelling did not find any 
direct associations between education and decayed teeth 
when simultaneously controlling for several social and 
intermediary factors [19]. However, they used another 
classification for education than the present study with 
three categories, middle school, high school or univer-
sity. The authors argued that the relation between social 
determinants and dental caries experience might be more 
complex on an individual level. Indeed, dental caries is 
a result of a complex interplay between both social and 
intermediary determinants [3].

Norway is a country known for its equality in educa-
tional opportunities, education is free-of-charge and 
those who would like to pursue higher education are 
eligible to receive state support. It is challenging to 
explain educational health inequalities in modern wel-
fare states like Norway. Literature indicates that people 
with higher education have better living conditions, 
have more stable employments and less divorces [12]. It 
is plausible that these mechanisms also promote healthy 

choices and lifestyle, which is represented by intermedi-
ary determinants in the present study. Another possible 
mechanism may be that people with higher education 
have more flexible jobs that enable them to adopt health-
promoting behaviors like adequate dental hygiene [25]. It 
is expected that more educated individuals have higher 
income [26] which allows them to comply with healthy, 
from an oral perspective, nutrition recommendation. 
Indeed, the interplay between income and education 
on health inequalities is not well understood [27]. It has 
been demonstrated that income inequalities in periodon-
tal health disappeared when the analysis was adjusted for 
education [24]. The authors argued that education may 
be a proxy for health behaviors. In our analysis, we fol-
lowed the WHO CSDH conceptual framework for action 
on social determinants of health and adjusted for income 
as one of the social determinants as well as behaviors as 
intermediary determinant.

Education level may influence the way one chooses to 
interact with oral health services and use information 
[24]. Regular dental attendance have been suggested to 
have a positive impact on oral health [28, 29] and it has 
been indicated that access to dental care services may 
weaken the social gradient in oral health through oral 
health education [30]. In Norway, the government pro-
vides free dental services for children and adolescent, but 
the general adult population pay out of pocket for dental 
services themselves [31]. It has been demonstrated that 
there is a social gradient in the use of dental services in 
Norway [32] and the most important reason for unmet 
needs for dental care in Norwegian adults has been 
reported to be economy.

By applying a life course perspective, we might be able 
to explore how inequalities in health may arise [33]. Oral 
health inequality in adults might partly be determined by 
exposure to factors in the beginning of their life which 
in this study is represented by the variables explaining 
childhood material circumstances, parents’ education 
level and numbers of siblings [34, 35]. A population-
based study in Northern- Norway demonstrated that 
adolescent’s own study program was associated with 
inequalities in dental caries [36]. Consequently, the roots 

Table 2 Association between education level and dental caries experience (lower and higher DMFT score)
Univariable 
regression

Multivariable 
regression

Education level OR (95% CI) p-value OR (95% CI) p-value
 Tertiary education, long Reference group Reference group
 Lower than secondary education 5.81 (4.77–7.07) < 0.001 2.06 (1.50–2.83) < 0.001
 Upper secondary education 2.41 (2.01–2.90) < 0.001 1.60 (1.21–2.11) 0.001
 Tertiary education, short 2.09 (1.70–2.56) < 0.001 1.66 (1.24–2.22) 0.001
Odds ratio (OR) with 95% Confidence intervals (CI)

The multivariable regression model was adjusted for the following variables: Age, household income, parents’ education level, siblings, childhood financial situation, 
spouse, smoking, alcohol consumption, physical activity, tooth brushing, fluoride toothpaste, fluoride tablets and dental satisfaction
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of inequalities in adulthood may lie in inequalities experi-
enced in childhood and adolescence [37].

The recurring theme is the causal relationship between 
education level and health. The cross-sectional design of 
the present study, however, does not shed light on this 
aspect. The WHO CSHD framework suggests that edu-
cation through intermediate determinants lead to health 
inequalities. Nevertheless, there are theories suggesting 
that inferior health may lead to a lower education [12].

The result of the present study supports educational 
inequalities in dental caries in adults in Northern- Nor-
way and calls researchers and oral health policy makers 
to give a closer attention to investigations of social oral 
health inequalities. From a policy perspective, promoting 
regular dental attendance and reducing barriers to dental 
care services for lower SEP groups could flatten the slope 
of the gradient [19]. WHO CSHD highlights the need to 
focus not exclusively on reducing disease prevalence, but 
tackling its root, which involves addressing the structural 
and social mechanisms [10]. Moreover, several of the 
political, economic, and societal mechanisms lie outside 
the health sector and can solely be addressed by applying 
a multisectoral approach. Furthermore, non-communica-
ble health conditions share the same determinants, hence 
oral health interventions should be integrated with gen-
eral health promotion and disease prevention strategies 
[38].

Conclusion
The results of the current cross-sectional study suggested 
an educational gradient in dental caries experience in an 
adult population of Northern- Norway. However, there 
is a need for more studies to validate our results and 
investigate mechanisms of education inequalities in oral 
health.
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