Community Dent Oral Epidemiol 2008; 36: 269-278
All rights reserved

Socio-economic inequality in the
self-reported number of natural
teeth among Norwegian adults -
an analytical study

Haugejorden O, Klock KS, Astrem AN, Skaret E, Trovik TA. Socio-economic
inequality in the self-reported number of natural teeth among Norwegian
adults — an analytical study. Community Dent Oral Epidemiol 2008; 36: 269-278.
© 2007 The Authors. Journal compilation © 2007 Blackwell Munksgaard

Abstract — Objective: To assess inequality in dental status associated with
educational level, gross personal and family income among Norwegian
adults. Methods: Data were collected by Norway’s Central Bureau of Statistics
in November—December 2003. A two-stage, proportional random sample
comprising 2000 persons aged 16-79 years was drawn from the national
population register. Information became available for 1309 subjects by
interview. The present analyses pertain to 1092 subjects aged 25-79 years
(response rate 66%, mean age 47.9 years). Results: Of the respondents, 3%
were edentulous and 9% had fewer than 20 teeth. The mean number of teeth
was 27.1 (SD 7.0). In multiple logistic regression analysis, low gross personal
and adjusted family income were associated with increased likelihood of having
fewer than 20 natural teeth (OR = 2.84, 95% CI 1.58, 5.10; OR = 3.63, 95% CI
1.99, 6.62, respectively). Educational level was significantly associated with
dental status in bivariate but not in multivariate analyses, except once among
males. The predictors of socio-economic inequality in dental status accounted
for a limited proportion of explained variance (Nagelkerke’s R?) when
controlling for age, place of residence, perceived oral health compared with
others, perceived importance of oral health, dental attendance and

smoking. Conclusion: Socio-economic inequality in dental status persists
among Norwegians aged 25-79 years but absolute differences have decreased
during the last 30 years. The findings are encouraging but challenging as far as
choice of strategy for further reduction of differences in tooth loss.
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The indicators of socio-economic status (SES) most
commonly used when studying health inequalities
are educational level, income and occupation, or
indices derived by combining two or all three of
these indicators (1, 2). These measures of SES are
supposed to reflect human, material and social
capital (2). Human capital refers to the education,
skills, abilities and knowledge used to obtain
socially valued goods. Material capital (e.g. earned
income and exchangeable property or goods) is
potentially useful for acquiring good education,
living conditions, health and oral health care

doi: 10.1111/j.1600-0528.2007.00367 .x

services. Social capital may be viewed as an
individual, family or household trait and can
provide a mechanism through which behavioural
norms are generated and maintained (2). It is
assumed that the cause of inequality in health is
complex and multi-factorial (1) and that the effect
of SES is mediated through environmental expo-
sure, psychosocial factors (e.g. life stress, interper-
sonal relationships, personality traits, major life
events and absence of social support), health-
related behaviour and availability of health and
oral health care services (e.g. 3).
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Numerous studies have reported a social gradi-
ent in general health (e.g. 4-6), oral health (7-15),
as well as in oral health-related behavioural (7,
16-22), and quality of life parameters (23). The
observed differences according to SES favour the
high status groups in industrialized countries.
Thus in these countries, tooth loss is more
prevalent among persons with a low level of
education and/or income than among their coun-
terparts with a higher level of education and/or
income (7-15). Past Norwegian findings have
conformed to this general pattern. National health
surveys of persons 16 years of age and older in
1975, 1985 and 1995 reported that 20% (crude rate)
were edentulous in 1975, had fallen to 14% in 1985
and 8% in 1995 (8-10). Groups with a low level of
education, in unskilled occupations or with low
income had a higher crude rate of edentulousness
than their counterparts with a high level of
education, in skilled occupations or with high
income. The same trends have been observed in
caries experience (24, 25) and in periodontal status
(26).

Norway is considered a welfare state (4, 27) and
successive Norwegian governments have had as
their goal to reduce differences in the health status
of the population (4, 5), including differences in
oral health (27). The strategy to reduce socio-
economic inequality in oral health has been to
provide free dental care in the Public Dental
Service for children, adolescents and groups of
adults with special needs (28). Other measures
designed to improve oral health have been pre-
ventive programmes in the Public Dental Service
and dental health education campaigns through
the media (29-31). Whether or not these measures
have reduced socio-economic inequality in oral
health, has received limited attention (25).

The purpose of the present study was to assess
and compare inequality in self-reported dental
status associated with educational level, gross
personal and adjusted family income among Nor-
wegian adults in 2003.

Materials and methods

The Central Bureau of Statistics (CBS) drew a two-
stage, self-weighting proportional random sample
(n = 2000, age 16-79 years) from the Norwegian
national population register in September 2003
(Omnibus survey). Twenty-one persons had died
or moved abroad.
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The data were collected by a 30-minute tele-
phone (98.5%) or a face-to-face (1.5%) interview
performed in November-December 2003 by
trained interviewers employed by the Central
Bureau of Statistics. Information became available
for 1309 persons, i.e. a response rate of 66.1%
(1309/1979). Among nonrespondents (n = 670),
refusals accounted for 58.5% and no contact for
20.4%. The respondents were representative of the
Norwegian population aged 16-79 years with
regard to age, gender and place of residence (32).

As free or subsidized dental care is available for
persons 1620 years (28) and as some people do not
finish their education till about 25 years of age (4),
persons 16-24 years old were excluded. This left
1102 respondents aged 25-79 years. All of them
provided information about their level of educa-
tion, 1092 persons provided a tooth count, 1044
answered the question about gross personal and
1001 the one about gross family income. The
response rate for persons aged 25-79 years was
65.8% and their mean age 47.9 (SD = 14.5) years.

The interview covered aspects of material, human
and social capital (2). Questions were asked about
age, gender, marital status, level of education, gross
personal and family income, the number of persons
in the household, place of residence and participa-
tion in local politics. In addition, information was
collected about the informants” number of natural
teeth, dental attendance, perceived quality of tooth-
brushing, smoking, importance of oral health and
perceived oral health compared with others.

Level of education (human capital) (2) was
measured in terms of the number of years of
education completed. It was dichotomized as
0 = = 13 years (high, ie. college/university),
1 = <13 years (low). The respondents’ personal
gross income was classed as 1 = low (<250 000
Norwegian kroner (NOK) and 0 = high (=250 000
NOK (~US$ 37 480)). Family (household) gross
income was reported according to 10 income
groups. The European Union’s equivalence scale
was used to adjust family income for size and
composition of the household (weights: 1
person = 1,2 = 15,3 = 18, 4 = 21, etc) 4,
33). The class mid-points of gross family income
were divided by the family weight factor. This
adjusted gross family income variable was em-
ployed with a median split. Gross personal and
adjusted family income was also split at 50% below
the median (the poverty line) (34). The other
demographic variables were categorized as shown
in Table 1.



Socio-economic inequality in self-reported dental status

Table 1. Number of subjects and unadjusted odds ratio (OR) with 95% confidence interval (CI) for having fewer than 20
natural teeth — subjects aged 25-79 years, Norway 2003 (dependent variable 0 = 20-32 teeth, 1 = 0-19 teeth)

Variable Category n OR 95% CI
Teeth 20-32 994 -
0-19 98 -
Predictors of inequality
Education High 351 1
Low 740 4.60 2.36-8.97
Personal income High 583 1
Low 455 4.13 2.53-6.76
Family income® High 533 1
Low 449 4.05 2.43-6.75
Control variables
Age (years) 25-49 626 1
50-79 466 11.58 6.25-21.47
Sex Males 550 1
Females 542 1.11 0.73-1.68
Marital status Other 448 1
Married/partner 640 1.27 0.82-1.95
Place of residence Urban 834 1
Rural 258 2.33 1.52-3.60
Region South 873 1
North 219 2.71 1.75-4.20
Oral hygiene Satisfactory 910 1
Unsatisfactory 179 1.80 1.10-2.95
Dental visits Regularly 742 1
Other 350 2.52 1.66-3.83
Smoking No 796 1
Yes 296 2.29 1.50-3.50
CompOralHlIth Better 498 1
Equal/worse 563 3.12 1.90-5.12
Importance oral health Important 1019 1
Unimportant 72 471 2.67-8.28
Dentist man-years High 627 1
Low 465 1.66 1.10-2.52
Local politics High 284 1
Low 797 1.56 0.91-2.65

?Adjusted for family size and composition (4, 33).

Dental attendance was assessed by the question:
How many times have you seen your dentist during
the last 5 years? The response alternatives were:
Regularly, at least once a year, 3—4 times, 1-2 times
and has not seen a dentist during the last 5 years
(dichotomy: Regularly = 0, other responses = 1).
Perceived quality of toothbrushing was measured
by asking whether the respondents agreed or
disagreed with the statement: I do not brush my teeth
well enough. The responses were dichotomized as
satisfactory (0 = strongly disagree or disagree)
and unsatisfactory (1 = strongly agree, agree and
neither agree nor disagree). The respondents were
asked about smoking experience (yes/no) and if yes
whether they smoked daily or occasionally
(dichotomy: 0 = nonsmoker/occasional smoker,
1 = smoker). The responses to the statement:
I consider my dental health to be unimportant were
categorized as 0 = important (strongly disagree/
disagree) and 1 = not important (strongly agree/

agree/neither agree nor disagree). The question:
Compared with men/women of your own age, do you
consider your dental health to be much better, a little
better, a little worse or much worse? The response
alternative neither better nor worse was hidden. The
responses were split as 0 = much or a little better
and 1 = much worse, a little worse and neither
better nor worse and the variable was labelled
CompOralHIth (Comparative Oral Health).

Involvement in local community affairs was
expressed as an additive index based on binary
responses (0 = no, 1 = yes) to the following
questions: Did you vote in the local authority election
in 2003? and Are you a member of a political party?
The resulting 0-2 scale was dichotomized as
0 = 0-1(ow), 1 = 2 (high).

The number of dentist man-years per 10 000
inhabitants was available for the seven regions of
Norway (35), i.e. as an area measure of availability
of dental services. This mean number of dentist
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man-years was entered for each respondent of the
region to partly control for regional variation in the
availability of dental care.

Statistical analyses
The Omnibus data file was established and quality
controlled by the CBS. The Statistical Package for
Social Sciences (SPSS®, SPSS Inc., Chicago, IL, USA,
version 13.0 for PC) was used for the analyses.
Chi-squared tests were employed to assess the
significance of differences in the distribution of
subjects according to the number of natural teeth
and category on the predictor and control variables.
The frequency distribution of subjects according to
the self-reported number of natural teeth (outcome
variable) exhibited significant negative skew and
kurtosis. As the median did not reflect the differ-
ences in the number of teeth according to category of
the predictor and control variables, some mean
differences have been quoted in the text. The shape
of the distribution of subjects according to the
number of teeth was also the reason why bivariate
and multivariate logistic regression analyses were
employed to estimate odds ratios (OR) and 95%
confidence intervals (CI). Odds ratios were consid-
ered statistically significant if both values of the 95%
CI were either greater than or less than 1. Chi-
squared tests provided the estimated fit of the
logistic regression models and Nagelkerke’s R’
the strength of association between exposure and
the outcome variable. The significance level was 5%.
The outcome variable (number of natural teeth),
predictor and control variables were dichotomized
as summarized in Tables 1 and 2. The categories
were defined so that odds ratios greater than one
indicate an increased likelihood of having less than
20 natural teeth. This cut-off point was chosen on
clinical indications as it has been maintained that a
person can manage with 20 well distributed teeth
(36, 37). Based on the assumptions of Oakes &
Rossi (2) and Petersen (3), a conceptual model was
constructed (Fig. 1). It assumes that educational
level is associated with income and beliefs and that
these predictors influence dental health behaviours
which in turn impact upon dental status, i.e. it
incorporates aspects of human, material and social
capital. The predictors and control variables were
entered into the logistic regression models in five
blocks as illustrated in Fig. 1 and Table 2. For
predictors to be included in the final models the
P-value had to be less than 0.10. Separate analyses
were run with gross personal income and with
adjusted gross family income as indicators of
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1.8 (1.0-3.3)
2.0 (1.2-3.5)
1.5 (0.7-3.3)
2.8 (1.6-5.1)
2.7 (1.3-6.0)
2.8 (1.6-4.9)
2.2 (1.3-3.7)

0.380

34 (1.9-6.1)
185.74***

Final model
13.2 (6.6-26.1)

Model 5
14.7 (7.3-29.7)
0.7 (0.4-1.2)
1.9 (1.1-3.3)
2.1 (1.2-3.7)
1.6 (0.7-3.4)
2.7 (1.54.9)
3.6 (2.0-6.5)
2.8 (1.3-6.2)
2.8 (1.64.8)
2.1 (1.2-3.6)

0.384
187.82%**

Model 4
0.6 (0.3-1.0)
2.3 (1.3-3.9)
1.8 (1.1-3.1)
2.0 (0.94.4)
2.4 (1.4-4.3)
3.8 (2.1-6.9)
3.8 (1.8-8.1)
0.345
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Model 3
10.4 (5.4-20.3)

0.7 (0.4-1.2)
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2.9 (1.4-5.8)

0.255

11.4 (5.9-22.0)
120.55***
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Model 1
12.3 (6.4-23.8)

0.6 (0.4-1.0)
2.9 (1.8-4.8)

20-32; 1

2.3 (1.4-3.8)
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gh versus low)
(high versus low)
s R?

Smoking (never/occasionally versus current)
2

Oral hygiene (important versus unimportant)

Marital status (married/partner versus other)
Behaviour

Region (south versus north)
CompOralHlth (better versus equal/worse)

Dental visits (regularly versus other)

Residence (urban versus rural)

Age (2049 versus 50-79)
Social status

Education (hi
Income®

Beliefs

Table 2. Odds ratio (OR) and 95% confidence interval (CI) for background, social status, beliefs and behavioural variables according to model for persons 25-79 years old,

Norway 2003. Dependent variable: dental status (0
Control variables: “Reference category mentioned first; PGross personal income; **P < 0.001.

Predictors (Categories)®

Background
Nagelkerke’
Model y



Block 1

Demographic factors
Age
Marital status
Residence
Region

Blocks 2 and 3

Distal factors
Education

Personal or family ]

income

l

Intermediate factors
CompOralHith*
Importance of teeth

l

Proximal factors
Dental attendance
smoking

l

Block 4

Block 5

Outcome
Dental status
(number of natural teeth)

Fig. 1. Conceptual model."CompOralHIth = Comparative
Oral Health.

economic circumstances (material capital) (2). The
significant association between gross personal and
adjusted gross family income (rs = 0.68, P < 0.01)
was expected as 58% of households consisted of
one or two persons. Otherwise there was no need
for interaction terms in the multivariate logistic
regression analyses (r5 < 0.30).

The proportion of Norwegian women in salaried
employment increased from 45% in 1946 to 69% in
2003, especially among younger women (38, 39).
Part-time employment is also more common
among women than among men. For these reasons,
it was hypothesized that gross personal and family
income might impact differently on the number of
natural teeth of males and females. Consequently,
multiple logistic regression analyses were carried
out for subjects aged 25-79 years (dichotomy
0 = 2549, 1 = 50-79) and 40-79 years old
(dichotomy 0 = 40-59, 1 = 60-79) as well as
separately for males and females aged 25-79 years.

Results

Three per cent (33/1092) of the participants were
edentate and 9% (98/1092) had less than 20 teeth.

Socio-economic inequality in self-reported dental status

Their mean number of teeth was 27.1 (SD = 7.0;
median 29, range 0-32) for all subjects and 28.0
(SD = 5.1, median 29, range 2-32) for dentate
individuals. There was no significant difference in
the number of teeth between males and females
(P = 0.694). On the other hand, the self-reported
number of natural teeth varied significantly
(P < 0.05) according to age, place of residence
(urban/rural, not males), region, level of education,
gross personal and adjusted family income, oral
hygiene, dental visits, smoking, perceived oral
health compared with men/women of own age
(CompOralHIlth), perceived importance of oral
health and dentist man-years (Table 1). The largest
mean difference in the number of teeth between
categories was for importance of oral health (5.38
teeth), followed by age (5.16 teeth), personal
income (3.10 teeth), adjusted family income (2.81
teeth), level of education (2.67 teeth) and region
(2.60 teeth).

In bivariate logistic regression analyses, the odds
ratio for having less than 20 natural teeth was 4.60
(95% CI 2.36, 8.97) for respondents with the
shortest education, 4.13 (95% CI 2.53, 6.76) when
gross personal income was low and 4.05 (95% CI
2.43, 6.75) when gross adjusted family income was
low (Table 1). Of the control variables, age was the
most important predictor of less than 20 teeth
(OR = 11.58, 95% CI 6.25, 21.47).

When controlling for gross personal income and
the other significant predictors (Table 1) by
multivariate logistic regression analysis, the
association between education and dental status
was attenuated (from OR = 4.60 to OR = 1.50)
and became nonsignificant in the final model
(P = 0.313) (Table 2, Fig. 2). The effect of gross
personal income on dental status was also attenu-
ated (from OR = 413 to OR = 2.84) but
remained significant in the final model (Fig. 2,
Table 2). When adjusted family income replaced
personal income in the logistic regression model,
the odds ratio for education changed from 1.50 to
1.48. Had an interaction term for gross personal
and adjusted family income (multiplicative) been
included in the analyses, then neither personal nor
adjusted family income would have been
significantly associated with dental status. Neither
dentist man-years/10 000 inhabitants nor partici-
pation in local politics satisfied the criterion for
inclusion in any of the final multiple logistic
regression models (P < 0.10). Consequently, these
covariates were not included in subsequent
analyses.
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14.60

(A) Educational level | 2% 2.k
(n=1,091/1,011) "'\-.:::- 1.50

(B) Personal income |- * « =2k o=l ot
(n=1,038/1,011)

.. 7 4.05

0 Crude
Adjusted

(C) Family income

Fig. 2. Crude and adjusted odds
ratio (OR) with 95% confidence inter-

(n = 982/957)
o 1 2 3 4 5 6
Odds ratio

Controlling for: Age***, place of residence*, region*, dental attendance**, smoking**, perceived
importance of oral health*, optimistic bias***, and gross personal income*** in A; plus educationNS

in B and C (*P<0.05; **P<0.01, ***P<0.001)

Gross personal income had a significant effect on
dental status (OR = 2.84, 95% CI 1.58, 5.10) when
controlling for level of education and the other
significant predictors listed in Table 1. In the
corresponding analyses with adjusted family in-
come as the indicator of SES, a stronger association
with the number of natural teeth was found
(OR = 3.63, 95% CI 1.99, 6.62) (Fig. 2).

The odds ratio for having less than 20 teeth was
4.59 (95% C12.20,9.58, n = 514) for gross personal
income and 3.08 (95% CI 1.48, 6.37, n = 501) for
adjusted family income among men when control-
ling for age, region, smoking, CompOralHIth and
educational level. Among females the odds ratio
increased from 2.16 (95% CI 0.73, 6.44, n = 497)
for personal income to 4.93 (95% CI 1.51, 16.12,
n = 456) for adjusted family income after adjust-
ing for the effect of age, marital status, place of
residence, education, importance of oral health,
CompOralHIth, dental attendance and smoking.
The null hypothesis stating that personal and
family income are equally important predictors of
dental status is accepted because the odds ratio for

val for persons 25-79 years of age
according to socio-economic predic-
tors of oral health status disparity —
Norway 2003. Dependent variable:
0 = 20-32 teeth, 1 = 0-19 teeth.

personal income is within the 95% CI for the odds
ratio for adjusted family income.

The multivariate analyses limited to persons
aged 40-79 years changed the odds ratios
and their 95% confidence intervals minimally
compared with the once reported for participants
25-79 years old (Tables 2 and 3).

Table 4 summarizes eight multiple logistic regres-
sion models in terms of model z*, Nagelkerke’s R*
and per cent correctly predicted. Per cent correctly
predicted ranged from 89% to 95%, Nagelkerke’s R*
from 33.3% to 49.8%. On entering the regression
models, R* change (%-points) for educational level
was <3.2, for gross personal income <6.0, and for
adjusted family income <7.4. This means that
demographic variables other than education and
income accounted for 50-60% of explained variance
in the number of teeth among subjects 25-79 years
old and 30—47% among persons aged 40-79 years.

The poverty line dichotomy of the income
variables did not change the general pattern of
association found in the multiple logistic regression
analyses (Fig. 1 and Tables 1-4). The only exception

Table 3. Multiple logistic regression analyses: Odds ratio (OR) and 95% confidence interval (CI) according to gender,
gross personal and adjusted family income - persons aged 40-79 years, Norway 2003. Dependent variable: 0 = 20-32,

1 = 0-19 natural teeth

Gross personal income

Adjusted gross family income

Description n OR 95% CI R* (%) n OR 95% CI R* (%)
Females® 327 1.98 0.64-6.07 297 8.26 2.22-30.66 50.5
Males® 330 4.47 2.05-9.76 321 3.04 1.42-6.48 30.6
All° 657 2.72 1.48-5.01 618 3.94 1.49-5.11 37.9

?Age, residence, marital status, education, importance of oral health, Comparative Oral Health (CompOralHlth),

smoking and dental attendance.

PAge, region, education, CompOralHIth, dental attendance and smoking.
“Age, region, residence, education, importance of oral health, CompOralHIth, smoking and dental attendance.

274



Socio-economic inequality in self-reported dental status

Table 4. Summary of final multiple logistic regression models

Model Nagelkerke's Predicted
Gross income Subjects Category n 7 R* (%) %
Personal All 25-79 years 1011 185.74 38.0 92.7
Females 497 110.38 46.5 94.4
Males 514 91.67 36.1 922
All 40-79 years 657 140.28 36.2 89.2
Family” All 25-79 years 957 180.04 38.7 93.0
Females 456 108.28 49.8 95.2
Males 501 82.97 33.3 91.6
All 40-79 years 618 140.07 37.9 89.6

?Adjusted for size and composition.

was that education had a significant effect among
males aged 25-79 years.

Discussion

The national self-reported rate of edentulousness
was 16% among persons 215 years of age in
Norway in 1973. The crude rate was 4.4 times
higher in the lowest than in the highest income
group (7). This compares with 2.5% edentate and
7.8 times (0.5% versus 3.9%) higher among persons
aged 16-79 years, 3.0% and 7.9 times (0.7% versus
5.5%) among 25-79 year olds in 2003. The same
trend was found in the Norwegian national health
surveys in 1975, 1985 and 1995 (8-10). It should,
however, be recognized that the dental status of
Norwegian adults has improved regardless of
income and educational level and that the percent-
age points difference between the extreme income
groups has decreased during the last 30 years.
Only once (among males), when employing the
poverty line dichotomy of income, was there a
statistically significant association between level of
education and the self-reported number of natural
teeth after controlling for confounding by multiple
logistic regression analyses. There was a significant
effect of gross personal and adjusted family income,
except if the interaction term between them was
included in the models. As predicted, high family
income tended to impact more strongly on the self-
reported dental status of females (OR = 5.51) than
of males (OR = 3.13) but the difference was not
significant. The magnitude of this difference
between odds ratios suggests further testing of the
hypothesis in a study providing higher power.
The level of education was significantly associ-
ated with the number of natural teeth in bivariate
analyses but only once in the final models when
controlling for gross personal income in the mul-

tivariate logistic regression models. This suggests
that the effect of education is mediated through
other predictors of dental status (Fig. 1, Table 2)
(1, 3). Educational level tended to be more import-
ant among males (one significant association) than
among females but contributed less than 3.2 per-
centage points to explained variance in the number
of natural teeth when controlling for potential
confounding variables. The absence of a significant
association between educational level and the
number of teeth is at variance with results from
Denmark (11), Sweden (12) Finland (18), the United
Kingdom (13) and the United States (15) but in
agreement with results from one Swedish (11) and
one Finnish study (20).

The higher a person’s gross personal or adjusted
family income the lower the likelihood of having
fewer than 20 natural teeth. This finding is in
agreement with results from previous studies (7—
11), but the impact of income was modest in the
present investigation. The majority of the present
sample will have been taught oral self-care and the
importance of visiting a dentist regularly while
receiving free incremental dental care from the
school or the public dental services. Consequently,
it may be that Norwegian adults consider dental
care and retention of their natural teeth as impor-
tant and assign high priority to maintaining oral
health. Thus two thirds of the respondents claimed
to have visited a dentist regularly, at least once a
year, during the last 5 years, and 81% reported
three or more visits during this period. Further
support for this notion is provided by the fact that
Norwegian adults find it relatively difficult to cope
with the loss of teeth and getting dentures (40, 41).
Another possible explanation for the comparatively
modest impact of personal and family income on
dental status may be that 65% of adults, who had
visited a dentist during the last 12 months had paid
1500 NOK (~US$ 225) or less (42), i.e. a sum most
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households can afford. Part-time work may explain
why family income tended to be more important
among females than among males (38, 39).

Educational level increased Nagelkerke’s R* by
less than 3.2 percentage points, personal income
increased it by 6.0 percentage points and adjusted
gross family income by 7.4 percentage points in the
final regression models. This relatively modest
impact of SES is in agreement with results of other
studies in health (2). Risk behaviour in relation to
diet (18, 43), smoking (18, 22, 44-46) and dental
attendance (15, 47) is more likely among persons of
lower than among their counterparts of higher
social status. They are also more likely to receive
extractions when attending for dental treatment
(15, 47). This implies that the scope for reducing
inequality in dental status ascribable to SES is
relatively limited in the short term.

Of control variables, age was the most important
predictor of the self-reported number of teeth
(Table 1) (7-10, 13, 48). Place of residence and
geographical region influenced the number of
natural teeth in the expected direction, that is,
more tooth loss in rural than in urban areas (7-10)
and more in the northern than in the southern part
of Norway (7-10). Smokers had lost more teeth
than nonsmokers and former smokers among
males, but not among females and in the whole
group. An association between smoking and dental
status has also been reported by others (22, 44-46).
In keeping with past findings (15, 47), there was a
significant association between dental attendance
and the number of natural teeth. There was also a
significant impact of oral hygiene, importance of
oral health and CompOralHlth. In the 8 multiva-
riate analyses, SES accounted for less than 30% of
total Nagelkerke’s R” in the self-reported number
of teeth (Tables 4). Taken together the findings of
this investigation are in accordance with the
assumption that the effect of SES on health and
dental status is indirect (Fig. 1) (1, 3).

The participants 16-79 years of age were repre-
sentative of the Norwegian population according
to age, gender and place of residence (32). Some
subjects did not provide a tooth count. This is,
however, unlikely to have biased results as the
mean number of teeth was almost identical for all
subjects aged 25-79 years, for those who gave their
gross personal income, and for those who stated
their family income. The same applied for subjects
40-79 years of age. Confounding was controlled by
multiple logistic regression analyses and multi-
collinearity was not a problem. Consequently, it is
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unlikely that our findings are seriously biased by
sampling error, nonresponse, confounding and
multi-collinearity.

The reliability of the self-reported number of
natural teeth was not assessed (49). However,
many studies (50-53) have found close agreement
between the clinically recorded and the self-repor-
ted number of teeth; consequently, it is unlikely
that reliance on the self-reported number of natural
teeth has biased the results.

The power of the multivariate analyses may have
been compromised by the limited number of par-
ticipants who had 0-19 natural teeth (n = 98 for
subjects aged 25-79 years/n = 95 for 40-79 year
olds). The cut-off point was chosen on clinical
indications (36, 37). Analyses with the dependent
variable defined as 0 = 25-32, 1 = 0-24 teeth,
almost doubled the number of subjects in the low
number of teeth category, but did not change the
relationship between SES and the number of teeth
markedly (results not presented). Given the nonre-
sponse and the variability observed in this study,
the number of participants would have had to be
quadrupled for the effect of education to become
significant at the 5% level after controlling for the
other predictors in the multivariate models.

Conclusion

The dental status of Norwegian adults has improved
in recent years and the absolute magnitude of the
socio-economic difference has decreased. Gross
personal and adjusted family income were found
to be more important predictors of dental status than
educational attainment but socio-economic inequal-
ity persists among persons aged 25-79 years despite
Norwegian governments’ intention and efforts to
reduce or eliminate it. The findings are encouraging
but challenging as far as choice of strategy for further
reduction of inequality in dental status is concerned.
More and sustained oral health promotion efforts
will be needed. In addition, medically and/or
economically compromised persons should either
be offered treatment free of charge in the Public
Dental Services or be entitled to improved insurance
coverage for dental care.
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