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The aim of this study was to detect, using time-series analysis methods, whether measurable socioeconomic
adjustments for the time period 1986-96, as presented by caries index values, could be related to a new
trend in caries status development for specific age groups leaving the free state-organized dental care
system. In the study, Géteborg was divided into four districts. The study showed a favorable development
in dental health for the 15-19 age group. However, the caries incidence index DSa (decayed approximal
surfaces) values showed no or only negligible signs of lower mean values. During the study period, the
study showed an unfavorable trend concerning the socioeconomic variables related to health care.
However, the incongruity for the different districts between the trend results of the caries index values and
the contemporaneous socioeconomic variable development indicated few signs of relationship. In relation
to general discussions of environmental questions, the idea of sustainable development was discussed when
applied to the field of dental care. The results of this study indicate that dental health, in times of major
economic adjustments and lack of resources for health care for the 15-19 age group in Goteborg—as
interpreted by the caries indices used—is an example of sustainable dental health development. O Caries;

dental health surveys; epidemiology; public health dentistry; socioeconomy; trend analysis
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When searching for caries predictors, socioeconomic status
has been associated with caries in numerous cross-sectional
studies (1). In a survey paper in 1990, Winter summarized
that socioeconomic factors are important for determining
the proportion of high-risk children in industrialized
societies (2). As resources for health care have been cut
since 1990, the question arises as to how this may have
affected the dental health of different age groups. With
regard to caries development in Swedish children and
adolescents during the time period 1985-93, the Swedish
National Board of Health and Welfare reported (3) low
correlation between dental health and socioeconomic
variables. However, the report findings verified a co-
variation relationship in certain groups of the population
with regard to dental health and the family income
situation, as well as to the proportion of individuals with
foreign citizenship.

The caries situation for the age-specific year classes
leaving free state-organized dental care in Goteborg,
Sweden, during the period 1986-91 has been studied by
Swedberg et al. (4). They found high stability in the caries-
free prevalence and incidence index groups. In the 15-
year-old patient groups with the 10% highest frequency of
carious lesions, the DSa (decayed approximal surfaces)
index mean values were as little as half the size when the
15-year cohorts reached 19 years of age. However, the
groups with 20% of the highest DFSa (decayed and filled
approximal surfaces) index values were registered for
about 80% of all approximal lesions. The indications of
stable caries development for the caries extreme patient

groups studied during the time period 1986-91 raises the
question as to whether the ensuing years of increased
economic adjustments would alter this stability.

Thus, the aim of this study was to detect whether
measurable socioeconomic adjustments for the time period
1986-96 could be related to a new trend in caries status
development for patients leaving organized dental care, as
presented by a time series analysis of caries index values.

Materials and methods
Population

The study included the caries epidemiological records of
all patients of 15-19 years of age who had received dental
care at the Public Dental Service of Goteborg (PDSG)
during the time period 1986-96 and had been registered
in the caries epidemiological data base. The total number
of individuals of 15-19 years of age living in the City of
Goteborg varied from ~4,500 to ~ 3,800 (for year class
15), and from ~5,600 to ~4,800 (year class 19). The
highest number of registered individuals was during the
period 1986-87. The percentile values of caries epide-
miological registered patients for both year classes varied
around 70%. Only for 1992 were the values around 50%.
Table 1 gives the numbers of registered individuals and
the corresponding percentile values of the 15 and 19 year
classes for 1986 and 1996, respectively.

In the study, the City of Géteborg has been divided into



ACTA ODONTOL SCAND 57 (1999) Time-series analysis of caries status 29

Table 1. Caries status for 15- and 19-year age groups, for the time period 1986-96 in Districts I-IV, and in Géteborg as a whole

15 years 19 years
DMFT'=0 DMFI' DMFT >0 DMFT DMFI'=0 DMFI'  DMFI>0 DMFT

DMFT n (%) 20% (Mean)  (Mean) total (Mean) n (%) 20% (Mean)  (Mean) total (Mean)
District I

1986 687 4.22 12.34 7.04 6.74 780 0.64 16.74 10.25 10.19

1996 752 16.09 11.24 5.67 4.76 723 9.54 13.55 7.08 6.40
District II

1986 482 10.58 11.49 6.30 5.63 836 2.39 14.77 8.67 8.47

1996 500 28.20 7.68 3.06 2.84 652 17.79 10.80 5.60 4.61
District IIT

1986 1058 8.22 10.37 5.97 5.48 1328 2.11 15.58 9.44 9.24

1996 873 20.85 8.58 4.48 3.55 979 12.46 12.23 6.49 5.68
District IV

1986 1128 7.00 11.14 6.26 5.82 1369 1.39 15.81 9.60 9.47

1996 753 18.59 8.84 4.48 3.64 999 11.11 12.43 6.59 5.86
Goteborg

1986 3354 7.33 11.24 6.34 5.87 4313 1.67 15.77 9.49 9.33

1996 2878 20.29 9.37 4.73 3.77 3353 12.47 12.38 6.49 5.68

DFSa=0 DFSa20% DFSa>0 DFSa total DFSa=0 DFSa20% DFSa>0 DFSa total

DFSa n (%) (Mean) (Mean) (Mean) n (%) (Mean) (Mean) (Mean)
District I

1986 687 48.91 6.69 3.59 1.83 780 25.13 14.18 6.47 4.84

1996 752 56.61 6.03 3.56 1.54 720 43.75 9.81 4.97 2.80
District II

1986 482 63.07 5.84 3.69 1.36 836 40.55 10.69 5.28 3.14

1996 500 74.55 3.04 2.61 0.66 654 59.48 6.57 4.01 1.62
District IIT

1986 1058 58.13 4.65 2.90 1.21 1328 29.29 13.08 6.10 4.31

1996 873 65.10 3.58 2.48 0.87 979 45.97 8.69 4.43 2.40
District IV

1986 1128 54.79 5.88 3.38 1.53 1369 28.49 13.88 6.36 4.55

1996 753 63.38 4.10 2.75 1.01 996 47.59 8.98 4.72 2.47
Goteborg

1986 3354 55.81 5.69 3.32 1.47 4313 30.47 13.16 6.12 4.26

1996 2878 64.08 4.32 2.91 1.04 3349 48.61 8.66 4.58 2.35

DSa=0 DSa 20% DSa>0 DSa total DSa=0 DSa 20% DSa>0 DSa total

DSa n (%) (Mean) (Mean) (Mean) n (%) (Mean) (Mean) (Mean)
District I

1986 687 74.53 2.27 1.99 0.51 780 64.62 3.07 2.17 0.77

1996 751 74.03 2.48 2.14 0.56 723 69.85 3.66 2.77 0.84
District II

1986 482 81.74 1.82 1.97 0.36 836 75.00 2.46 2.16 0.54

1996 500 87.00 1.25 1.92 0.25 653 79.79 2.25 2.23 0.45
District IIT

1986 1058 79.11 1.97 1.93 0.40 1328 67.39 2.55 1.95 0.64

1996 874 83.64 1.49 1.82 0.30 979 67.01 2.77 2.07 0.68
District IV

1986 1128 79.43 1.97 1.94 0.40 1369 68.59 2.59 2.01 0.63

1996 751 82.16 1.65 1.84 0.33 998 73.25 2.46 2.09 0.56
Goteborg

1986 3354 78.65 2.02 1.95 0.42 4313 68.75 2.64 2.05 0.64

1996 2876 81.33 1.82 1.95 0.36 3353 71.97 2.77 2.26 0.63

n, number of registered patients. The remaining columns show mean/percentile values for caries index groups and subgroups DMFT, DFSa,
and DSa.

DMFT/DFSa/DSa = 0, individuals with no caries records; DMFT/DFSa/DSa 20%, patients with the highest index values; DMFT/DFSa/
DSa > 0, all patients with caries records; DMFT'/DFSa/DSa total, all patients.

DMFT, decayed missing, and filled permanent teeth; DFSa, decayed and filled approximal surfaces in permanent teeth, DSa, decayed
approximal surfaces in permanent teeth.
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Table 2. Socioeconomic variables for Districts I-IV and for the entire city of Géteborg for the time period 1986/7-96/5

Individuals seeking

Individuals without

Mean yearly income Households receiving

District Year employment (%) Swedish citizenship (%)  Year (SEK) social allowance (%)
District I
1986 3.6 19.9 1987 91 650 15.2
1996 8.5 24.6 1995 122 052 28.3
District 11
1986 3.2 4.6 1987 108 889 7.1
1996 7.8 5.9 1995 155 210 10.2
District 11T
1986 2.4 3.7 1987 119 128 4.7
1996 5.3 5.0 1995 183 810 8.8
District IV
1986 2.4 10.4 1987 104 881 7.3
1996 6.9 11.4 1995 157 221 14.7
Goteborg
1986 2.9 8.6 1987 106 655 8.3
1996 7.2 9.0 1995 155 566 14.2

Data refer to individuals/householders 20-64 years of age. Percentage values for individuals secking employment, those without Swedish
citizenship, and households receiving social allowance are expressed as part of a corresponding group of all individuals/households.

four districts. District I (north-east) constitutes a suburban
region, District II (south-east) and III (south-west)
represent the residential districts, while the industrial areas
are mainly situated in District IV (north-west). The
districts are based on 21 official city sector divisions.
Their borders are based on geographical and adminis-
trative—technical factors. The PDSG has used the same
factors to group its clinics in these four districts from time
to time.

Epidemiological caries indices and socioeconomic variables used

An epidemiological caries recording program using an
identical collection and data compilation system for the 3—
19-year-old patient groups was introduced at the PDSG in
1984 and used until 1991. From 1992 onwards, a similar
new compilation system was used. In both systems, all
individuals were recorded at each recall examination, and
it was possible to individually identify all caries index data
in the epidemiological data base. The definitions of the
caries indices used in this study were as follows:

Caries prevalence indices. (1) DMFT: decayed, missing, and
filled permanent teeth. Caries-free =no caries in the
dentine and no fillings in the permanent dentition. (i)
DFSa: decayed and filled approximal surfaces with dentine
carious lesions in permanent teeth.

Caries incidence index. (1) DSa: decayed approximal
surfaces in permanent teeth with dentine carious lesions
formed since the previous examination. Four subgroups
for each caries index were identified: (a) individuals with
no caries records; (b) patients with 20% of the highest
index values; (c) all patients with caries records, and (d) the
total registered patient material.

The socioeconomic material was collected as official
information from the City Council’s central data base at
the City Council of Géteborg. The selection of variables
was principally based on the ability to obtain continuous

time-series data for the time periods in question. It was
possible to establish two time series of 11 years, and two of
9 years. The socioeconomic variables were as follows:

Time series 1986-96. (1) Number of individuals 20-64
years of age looking for employment as a percentage of a
corresponding group of all inhabitants, and (i) number of
individuals 20-64 years of age without Swedish citizenship
as a percentage of a corresponding group of all
inhabitants.

Time series 1987-95. (1) Mean yearly income in Swedish
currency (SEK) in houscholds 2064 years of age, and (ii)
householders 20-64 years of age receiving social allow-
ance, as a percentage of a corresponding group of all
houscholds.

Data analysis procedures

The epidemiological data base was first divided up
according to year classes, districts, caries index groups, and
subgroups. Next, the material was put together in time
series of mean values for 1986-96, and presented as 5th
degree polynomial trend curves, with the value for 1986 as
a base quotient = 1.

The socioeconomic material was first sorted out
according to districts, and put together in time series of
percentile values in relation to all individuals/house-
holders in the 20-64 age group (mean yearly income) for
1986-96 (1987-95), and presented as 5th degree poly-
nomial trend curves with the value for both 1986 and 1987
as a base quotient = 1.

Results

The caries status for the 15 and 19 year age classes is
presented in Table 1 as mean values for the different caries
index groups and subgroups of DMFT, DFSa and DSa for
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Fig. 1. Development trends presented as 5th degree polynomial trend curves for socioeconomic variables
for the entire city of Géteborg for the time period 1986-96, based on the value for 1986 as a base
quotient = 1. Curve 1 represents individuals 20-64 years old secking employment as a percentage of all
individuals in Goteborg. Curve 2 shows individuals 2064 years old without Swedish citizenship as a

percentage of all individuals in Géteborg (curve 1 - - - -5 curve 2

1986, and 1996 in Districts I-IV, and for the entire city of
Goteborg.

There were striking differences between the mean
values for the different districts. Districts I and II showed
the greatest variation, with District I presenting as the
worst dental health district and District II the best. The
remaining areas, districts III and IV, gave mean values
which largely corresponded to the total mean values for
the whole of Géteborg.

In Table 2, the socioeconomic variable values for each
district showed a slightly different pattern than that for the
caries index values. District I showed the highest values for
effects related to economic adjustments during the study
period. District III had the lowest value levels. Districts 11
and IV showed values as for Géteborg in total.

Due to the large amount of data, Tables 1 and 2
indicate the edited results obtained from the total data
bases for the caries index values for all year classes and the
socioeconomic variables, and Figs 1-3 exemplify in trend
curves the results of the final steps of the data analysis
procedure. The entire table and trend curve material, if
required, is available on request from the corresponding
author.

Using the information provided by the trend analysis
curves, the results concerning the socioeconomic variables
were as follows. After a decrease around 1989—and to a
lower extent around 1995—there was an increase in the
percentage of individuals seeking employment. District IV
showed the highest levels. Furthermore, both the percen-
tage of individuals without Swedish citizenship and the
mean yearly household income values showed a vague, but

).

decreasing tendency for the same time periods. After a
decrease around 1990, there was a marked increase until
1994 in the percentage of all households receiving social
allowance. After 1994, a general decline occurred, which
was most obvious in District II.

The information in Tables 1 and 2 and in Figs 1, 2 and
3, gave the following comprehensive survey. District 1
showed the worst dental health values, however, the trends
were homogeneous and favorable. A trend break in 1995
indicated a conversion to a new, lower dental health level.
This district showed the highest values of effects related to
economic adjustments.

District II presented the best dental health values. The
tendency towards a new dental health level in 1995 was as
obvious as in District I. In this case, however, the change
was toward a new and better health level. Concerning the
percentage of all households receiving social allowance, a
marked drop occurred at the end of the study period.

District III showed a tendency towards less favorable
dental health levels in 1995 for the 15-17 year classes, and
it had the lowest values of effects related to economic
adjustments. District IV had a tendency towards less
favorable health levels in 1995 for the 15-17 year classes.
The district showed the highest percentage values of
individuals seeking employment.

Generally, the caries index values and trend curves
continuously point toward a better dental health level.
After a minor drop in 1987-90, the mean values for all
socioeconomic variables show an increase. Two of the
variables have increased markedly, i.c. the percentage of
individuals seeking employment, and of households
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Fig. 2. Development trends presented as 5th degree polynomial trend curves for socioeconomic variables
for the entire city of Goteborg for the time period 1987-95, based on the value for 1987 as a base
quotient = 1. Curve | represents mean yearly income in Swedish currency (SEK) per houschold in
Goteborg. Curve 2 shows households receiving social allowance as a percentage of all households in
Goteborg (curve 1 - - - -5 curve 2 ).

receiving social allowance. Thus, Géteborg in total shows concerning the younger age classes. After 1994, a general
a good and stable dental health development. However, decline was observed concerning the percentage of
there was a tendency toward a lower level in 1995, individuals seeking employment, and an opposite trend
especially related to the DFSa and DSa indices, and in the percentage of households receiving social allowance.
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Fig. 3. Development trends presented as 5th degree polynomial trend curves for the 15-year age group in
District IV for the time period 1986-96. Data refer to mean index DSa (decayed approximal surfaces)
values, based on the value for 1986 as a base quotient = 1. Curves 1 represents individuals with no caries
records. Curve 2 represents mean values of patients with 20% of the highest index values. Curve 3
represents all patients with caries records. Curve 4 represents all registered patients (curve 1 ; curve
2----curve 3 —-— - curve 4 ——).
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Discussion

This study has shown favorable dental health development
for the 1519 year classes during the time period 1986-96,
despite the fact that the period has been a time of major
economic adjustments and reduced resources for health
care.

In relation to general discussions of environmental
questions, the idea of sustainable development has arisen, and
will require considerable changes in almost all major
policy areas in which the community is involved. A
European Community program of policy and action in
relation to the environment and sustainable development
(5) depicts the interdependence of these various policy
areas, resources, and sectors. Precisely parallel arguments
to those made about the environment can also be made
about the importance of integrating health issues into
national economic planning. A World Health Organiza-
tion (WHO) publication (6) states that there is a need for
nationally accepted criteria and norms regarding the
allocation of resources for health, reflecting the national
commitment to health improvement. Also, in times of
major economic adjustments, these criteria would have to
guide macroeconomic policies to ensure that the essential
health needs of the population are met. The WHO
Commission on Health and Environment (7) has con-
firmed that the global number one objective is to achieve a
sustainable basis of health for all. Further, the Commission
states that all governments and international agencies
should give higher priority to developing a sustainable
basis for the health of their people and countries, including
identifying and acting on health risks at all levels, e.g. from
macroeconomic policies and pricing structures to decisions
concerning particular projects. In 1995, Warford (8)
pointed out that the fundamental importance of human
health as a determinant, as well as an objective, of
economic development warrants its inclusion in any list of
explicit objectives of macroeconomic policy.

Applied to the field of dental care, the idea of sustainable
development leads to questions of what is essential for a
sustainable basis for good dental health. From a national—-
economic point of view, it is essential to be able to follow
the dental health situation of different patient groups, and
to create a functional reporting system, analyzable for the
dental resources used. An important subject of research
would be the exploration of relationships between socio-
economic factors and other health-dependent indicators,
to quantify favorable links and detect possible adverse
effects. In most circumstances the relationships are likely to
be indirect and linked through interdependent intermedi-
aries. Concerning the 15-19 year classes in Géteborg—as
interpreted by the different caries indices used—the
present study showed only negligible indications of new
dental health trends during the study period. During the
study period, changes in diagnostic criteria and treatment
of carious lesions may have occurred, as well as changes in
ways of reporting socioeconomic data variables. However,
it is likely that these factors have little effect on the trends
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in data values. Thus, dental health development—as
interpreted by the caries indices used—in times of major
economic adjustments and lack of resources for health care
was of a sustainable development character.

When choosing Goéteborg for this study, it was of special
interest that, divided into districts, each district has its own
characteristic with regard to the different caries index
variables, representing different types of dental health
regions. Thus, the mean values for District II showed
standards comparable with the total mean values for all
Swedish county councils; the values for District I were
comparable with some county councils with the worst
dental health index values; and the total mean values for
Goteborg were similar to the corresponding values of
Malmo, a Swedish city next in size to Goteborg (9, 10).

The percentile values of registered patients in relation to
the total number of individuals living in the city of
Goteborg varied around 70%, and only for 1992 did the
values drop to around 50%. The general causes of a
decline in the number of individuals registered at each
recall examination in Goteborg have been discussed by
Swedberg et al. (11). Furthermore, it is obvious that the
low 1992 percentile registration values were related to the
change in the data compilation system that year.

The previous study of caries development in Goéteborg
1986-91 (4) was a longitudinal caries presentation of data
from stationary resident patient groups. Most presenta-
tions of longitudinal epidemiological caries data are based
on cross-sectional index series, as from the Swedish
National Board of Health and Welfare (9, 10, 12). The
comparative study by Swedberg et al. (11), comparing
cohort and cross-sectional data, showed statistically minor
differences when reporting mean value results. The
present study has additionally showed that the results
mentioned above are similar to the values of an ordinary
cross-sectional study.

The literature on inequalities in health concerning
general and dental health in relation to socioeconomic
factors is extensive. Socioeconomic status has been
measured in terms of occupation, income, or education.
However, the socioeconomic characteristics of neighbor-
hoods are better predictors than characteristics of
individuals or households (13). The selection of socio-
economic variables in the present study was principally
based on the ability to obtain continuous time series for the
study period in question. Two of the variables showed
considerable changes during the time period studied: the
number of individuals seeking employment, and house-
holds receiving social allowance. The other two, concern-
ing individuals without Swedish citizenship and yearly
income, showed only minor changes. Thus, the selection of
variables proved to be examples of different socioeconomic
standards.

The selection of caries index groups and subgroups
provided several opportunities of assessing dental health
development. The selection of both prevalence and
incidence index variables, as well as the subgroups of
representative extreme caries group mean values, gives a
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vast panorama of dental health information. The increas-
ing mean values for caries-free individuals from the
prevalence index DMFT—and also DFSa—mainly de-
pend on the result of preventive dental care from the
decade before the study period. However, the other mean
index and subgroup value changes in the prevalence
indices, and all of the incidence index DSa, could be
interpreted as being related to circumstances arising
during the study period. Needless to say, the DSa index
values present the most ‘trend-sensitive’ results, as they
continuously measure the caries situation since the
previous examination.

The four official city district and sector divisions of the
city of Goteborg (I-IV) provided examples of differing
socioeconomic and dental health status. It ought to be
possible to compare these district values with comparable
values from other regions and districts in Sweden.

The results call for different interpretations. Of special
interest is the tendency of a trend break in the two extreme
dental health districts. In both districts, a trend break
occurred in 1995, but the new trend for District I was
worse, and that in District IT became better. With regard
to the trend for Goéteborg in total, the trend indications
from the extreme districts cancel each other out. Thus,
when all the districts are assessed together, the trend signs
were toward a less favorable dental health level. If the
socioeconomic trends are related to the dental heath
situation, and keeping in mind that the socioeconomic
trend curves reached their highest levels around 1994, the
formula seems to be: in times of increased economical
adjustments and lack of resources for health care, the worst
dental health district grows worse, and the best becomes
better. However, the incongruity between the trend results
of the caries index values and the contemporaneous
socioeconomic variable development indicates few signs of
such a relationship.

Another finding was the general trend of continuously
better dental health levels based on the DMFT index
values. According to the study analysis, it is obvious that
the DMFT caries index should not be used separately to
describe the dental health situation of a Swedish county
council district.

Conclusions

This study showed favorable dental health development
for the 15-19 year classes during the study period.
However, the values for the caries incidence index DSa
showed none or only negligible signs of lower mean values.
Thus, the Swedish system for organized dental care seems
to be successful in achieving sustainable dental health for
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those patient groups leaving organized dental care, but not
fundamentally capable of reducing the share of individuals
in the patient groups with new approximal carious lesions.

During the study period, the socioeconomic variables
showed a marked unfavorable trend. The incongruity
between the trend results of the caries index values and the
contemporaneous socioeconomic variable development
indicates few signs of relationship.

In relation to general discussions of environmental
questions, applied to the field of dental care, the idea of
sustainable development was discussed. The study results
indicate that dental health, in times of major economic
adjustments and lack of resources for health care for the
15-19 year classes in Goteborg—as interpreted by the
caries indices used—is an example of sustainable dental
health development.
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