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Abstract

Background: Little is known about the effects of socio-environmental factors on dental caries in different
demographic situations in Asian populations. We investigated whether the nature of the association between
regional socio-economic context and dental caries experience differed according to gender and age groups in
Korean adults.

Methods: We obtained a linked data set containing individual information from the 2000 Korean National Oral
Health Survey and regional information from the “Major statistical indices of Si-Gun-Gu” (city-county-ward),
published by the Korean Statistical Office. We stratified participants into women and men and into four
10-year-interval age groups (19–34, 35–44, 45–54, and 55–64 years) and analysed the linked data using a multilevel
analysis. In total, 5,259 individuals were included in the final study population.

Results: Regional socio-economic context was significantly associated with dental caries experience in men, but
not in women. The patterns of the association between regional contextual variables and dental caries experience
differed among age groups. People 35–44 years of age living in areas less dependent on the manufacturing
industry and those 45–54 years of age living in areas where local government was relatively poor were more prone
to have caries experience.

Conclusions: The results of this study indicated that socio-economic factors affecting residents’ dental health status
may operate through different mechanisms or degrees according to geographic location, suggesting that some
gender- and age-defined subgroups may be likely to benefit from different types of intervention, including the
development of specific health policies.
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Background
Dental caries is one of the most common health pro-
blems in developing and developed countries; epidemio-
logical data from many countries have clearly
demonstrated the high prevalence of this disease [1].
Many models have been developed to explain the aeti-
ology and biological causes of caries; however, current
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models are inadequate to explain variations in caries ex-
perience among populations [2-4]. Several recent studies
have examined the relationships between regional con-
textual factors and dental caries, finding that socio-
economic context has a significant effect on the
prevalence of the disease [2,3,5-9]. However, very limited
information is available on these associations among
subgroups of the population, especially among more vul-
nerable groups. For example, gerontological research
findings have suggested that the regional environment
may be more important to the lives of older adults than
to those of younger adults, and that the health of poorer
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populations is more susceptible to socio-economic envir-
onmental factors [10].
The association between regional socio-economic con-

text and dental caries experience may be characterised
by various patterns based on individual characteristics,
such as gender or age [2,3,7]. Biological (genetics, hor-
mones, reproductive history) and anthropological (be-
havioural) factors, such as culture-based division of
labour and gender-based dietary preferences, may also
play roles [11,12]. Additionally, despite the large number
of studies that have examined neighbourhood influences
on individual oral health outcomes, few reported studies
have been conducted in Asian populations [13]. Neigh-
bourhood effects may differ between Asian and Western
societies due to differences in social relationships, com-
munity formation, and economic development, as well
as in individual demographic factors. In this study, we
investigated whether the nature of the association be-
tween regional socio-economic context and dental caries
experience differed according to gender and age groups
using a representative sample of Korean adults.

Results
Men accounted for 41.7 % and individuals aged 19–
34 years accounted for 31.8 % of the 5,259 participants
in the study population. Of the participants, 88.1 % had
decayed, missing, and filled teeth (DMFT) index scores≥ 1.
Dental caries experience differed significantly among
groups with regard to gender, age, monthly family income,
regular dental clinic visitation, and factor I (degree of
urbanisation; Table 1). The prevalence of caries experience
was significantly higher in women than in men. The
rates of caries experience increased progressively from the
young adult age group (19–34 years) to the older age group
(55–64 years) in both women and men. Individuals with
higher family incomes were more likely to have lower
caries experience rates. The prevalence of caries experience
also increased progressively from the highest to lowest
degree of urbanisation.
Table 2 shows the associations between regional-level

characteristics and dental caries experience separately
for women and men. Overall, women had a significantly
higher (2.25-fold) probability of having dental caries ex-
perience than men. The probability of having dental car-
ies experience differed significantly among regional-level
characteristics in men, but no such relationship was
observed in women. The density of services and medical
facilities, dependence on manufacturing industries, and
the financial health of local governments were associated
with dental caries experience in men. However, no clear
linearity was observed in the associations between these
factors and dental caries experience.
Some interesting differences were observed in the age-

stratified analyses (Table 3). Individual and regional
factors showed different patterns and strengths of asso-
ciation across all age groups. Overall, women had a
higher odds ratio (OR) of dental caries experience than
men in all age groups. People who visited a dental clinic
regularly for check-ups had better oral health than those
who did not in the 45–55-year age group. In the oldest
group (55–64 years), people who brushed their teeth
more than three times per day had a lower chance of
having dental caries than did those who brushed their
teeth twice of less often per day. Regarding regional fac-
tors, young adults (19–34 years) living in regions with a
mid-level density of services and medical facilities
showed a significantly higher OR for dental caries ex-
perience than did residents in the highest density region.
The effect of factor III (dependence on manufacturing
industries) was significant in the young middle-age
group (35–44 years) and a significant association be-
tween factor IV (financial health of local government)
and dental caries experience was observed in the old
middle-age group (45–54 years). No significant associ-
ation was observed in the older age group (55–64 years).

Discussion
In this study, we examined the associations between dif-
ferent aspects of the neighbourhood environment and
dental caries experience according to gender and age.
The results showed that the regional socio-economic
context was linked with caries in men and that the asso-
ciations between regional contextual variables and dental
caries experience differed by age group, consistent with
the findings of several previous studies [14,15]. Although
many studies have reported significant effects of the
socio-economic context on dental caries experience,
most studies have used global proxies, such as rurality
or deprivation, to describe the regional socio-economic
environment [2,5-9]. However, recent thinking on the
role of social and material environments in generating
health inequalities has led to the collection of true ‘area’
data that accurately reflect the character, amenableness,
and opportunity afforded by the area or neighbourhood
in which people live [16,17]. In this study, we con-
structed new regional contextual variables from various
socio-economic indices that reflected different aspects of
the regions using factor analysis.
Traditionally, the social context has been shown to

have a greater influence on women than on men because
they spend more time at home looking after children,
doing domestic work, or being primary caregivers [18-
22]. In contrast, the results of our study indicated that
the regional context was relatively beneficial in reducing
the prevalence of caries experience in men; however, this
effect was weaker than that observed for women. The
association between neighbourhood disadvantage and
poor health is not always straightforward [23]. Some



Table 1 Distribution of individual and regional characteristics by dental caries experience

Total No (DMFT=0) Yes (DMFT≥ 1) p-value*

No. (%) No. (%) No. (%)

Total** 5,259 (100.0) 625 (11.9) 4,634 (88.1)

Individual level

Gender

Men 2,191 (41.7) 367 (16.8) 1,824 (83.3) <0.0001

Women 3,068 (58.3) 258 (8.4) 2,810 (91.6)

Age (years)

19–34 1,673 (31.8) 258 (15.4) 1,415 (84.6) <0.0001

35–44 1,296 (24.6) 184 (14.2) 1,112 (85.8)

45–54 1,084 (20.6) 105 (9.7) 979 (90.3)

55–64 1,206 (22.9) 78 (6.5) 1,128 (93.5)

Monthly family income (thousand Korean won)

<500 706 (14.0) 61 (8.6) 645 (91.4) 0.012

500–990 1,196 (23.7) 144 (12.0) 1,052 (88.0)

1000–1490 1,093 (21.6) 130 (11.9) 963 (88.1)

≥1500 2,061 (40.8) 275 (13.3) 1,786 (86.7)

Tooth-brushing frequency (number/day)

0–1 482 (9.2) 47 (9.8) 435 (90.3) 0.313

2 2,908 (55.3) 349 (12.0) 2,559 (88.0)

≥3 1,867 (35.5) 228 (12.2) 1,639 (87.8)

Regular dental clinic visits

No 4,756 (90.4) 541 (11.4) 4,215 (88.6) 0.000

Yes 503 (9.6) 84 (16.7) 419 (83.3)

Regional level

Factor I (degree of urbanisation)

highest 1,255 (23.9) 158 (12.6) 1,097 (87.4) 0.024

high 1,562 (29.7) 190 (12.2) 1,372 (87.8)

middle 1,184 (22.5) 155 (13.1) 1,029 (86.9)

low 731 (13.9) 81 (11.1) 650 (88.9)

lowest 527 (10.0) 41 (7.8) 486 (92.2)

Factor II (density of services and medical facilities)

highest 1,114 (21.2) 141 (12.7) 973 (87.3) 0.087

high 989 (18.8) 128 (12.9) 861 (87.1)

middle 1,015 (19.3) 96 (9.5) 919 (90.5)

low 843 (16.0) 108 (12.8) 735 (87.2)

lowest 1,298 (24.7) 152 (11.7) 1,146 (88.3)

Factor III (dependence on manufacturing industry)

highest 1,223 (26.9) 192 (13.6) 1,223 (86.4) 0.102

high 821 (17.8) 117 (12.5) 821 (87.5)

middle 857 (18.4) 112 (11.6) 857 (88.4)

low 600 (12.8) 73 (10.9) 600 (89.2)

lowest 1,133 (24.0) 131 (10.4) 1,133 (89.6)
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Table 1 Distribution of individual and regional characteristics by dental caries experience (Continued)

Factor IV (financial health of local government)

highest 1,941 (36.9) 254 (13.1) 1,687 (86.9) 0.158

high 1,110 (21.1) 112 (10.1) 998 (89.9)

middle 947 (18.0) 106 (11.2) 841 (88.8)

low 633 (12.0) 76 (12.0) 557 (88.0)

lowest 628 (11.9) 77 (12.3) 551 (87.7)

*Results from χ2 test.
**Except monthly family income (203 missing cases) and tooth-brushing frequency (two missing cases).
DMFT, decayed, missing, and filled teeth index.
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evidence has suggested that the place of residence may
not affect all people in the same way [23-27]. Time spent
at home seems an unlikely explanation, given the lack of
a substantial gender difference in exposure to the resi-
dential environment [22]. Studies that have specifically
explored men and women with similar working, social,
and material circumstances have shown a reduction in,
or the absence of, gender-based morbidity [14,28]. In-
deed, the inconsistency may be due to differences in the
conceptualisation and measurement of the social envir-
onment. Because we focused primarily on regional fac-
tors, such as material, physical, and economic capital,
men’s health status could have been more affected by re-
gional context. However, some studies that measured
perceived social context, such as social support net-
works, social capital, social participation, or trust, found
that it had a greater influence on women than on men
[29-32].
The conceptual distinction between biological sex and

social gender is also important in efforts to better under-
stand the oral health difference between men and
women. However, the effects of these characteristics
may be difficult to disentangle in specific contexts [13].
Gender is a dynamic set of socially constructed relation-
ships embedded in everyday interactions, rather than a
simple individual attribute [33]. Many studies have
shown that caries experience rates are higher in women
than in men [12,13,15]. These variations have tradition-
ally been assumed to be biological in origin, but recent
work has demonstrated that these effects may be due to
multi-factorial behavioural issues involving both sex and
gender [13]. Social aspects that require further investiga-
tion include gender differences in diet and eating pat-
terns, as well as wider dimensions of inequality between
women and men [12,13,34].
In this study, we showed that residents of regions with

mid-level services and medical facilities had a higher risk
of having dental caries experience than did those of
regions with the highest level of facilities, after control-
ling for individual-level variables; in age-stratified ana-
lyses, this association was observed only in young adults
(19–34 years). Public and private services provided to
support people in their daily lives, including medical ser-
vices, are one of the most commonly proposed regional
socio-economic factors that affect the health of resi-
dents. However, little evidence is available to support the
hypothesis that an increase in a region’s health resources
directly affects residents’ health status. McIntyre and
Ellaway [35] conceptualised regional features, including
features aggregated in factor II in this study, as ‘oppor-
tunity structures’; that is, socially constructed and so-
cially patterned features of the physical and social
environments that may promote or damage health, dir-
ectly or indirectly, through the possibilities they provide
for people to live healthy lives. The Korean government
is currently collecting small-area dental service statistics,
such as dentist- to-population ratios and numbers of
clinics, and we expect that studies conducted in the near
future will benefit from the use of such statistics.
Residents of regions that were least dependent on

manufacturing industries exhibited a significantly higher
prevalence of dental caries than those of the most
dependent regions. Age-stratified analyses showed a sig-
nificant association only in the young middle-age group
(35–44 years). Socio-economic factors affecting health
status could operate positively or negatively, and these
factors did not show the same effects in all areas [36].
The positive and negative aspects of the manufacturing
industry may directly or indirectly influence individual
health status through different mechanisms and magni-
tudes, according to the degree of dependence. Regarding
factor IV, which reflects the affluence of local govern-
ment, people aged 45–54 years living in regions with
mid–low levels of affluence showed a significantly higher
risk of dental caries experience, but those in the poorest
regions did not. This nonlinear relationship also indi-
cates that the socio-economic factors affecting the health
status of residents operate through different mechanisms
or degrees, according to geographic location.
The last decade has seen a growing interest in the

links among sex, gender, and health, and the importance
of these issues has been recognised not only from the
perspective of equity, but also as a prerequisite for more
effective care [13]. As a result, a large body of evidence



Table 2 Odds ratios of having dental caries experience according to gender

Total Women Men

OR 95 % CI OR 95 % CI OR 95 % CI

Individual level

Age (years) 1.03 1.02-1.03 1.04 1.03-1.05 1.02 1.01-1.03

Gender

Men 1.00

Women 2.25 1.89-2.69

Monthly family income (thousand Korean won)

≥1500 1.00 1.00 1.00

1000–1490 1.07 0.85-1.35 1.21 0.85-1.73 0.97 0.71-1.32

500–990 1.00 0.80-1.26 1.09 0.77-1.55 0.92 0.68-1.24

<500 1.13 0.82-1.54 1.06 0.67-1.69 1.13 0.74-1.72

Tooth-brushing frequency (number/day)

≥3 1.00 1.00 1.00

2 1.00 0.83-1.21 0.88 0.66-1.16 1.09 0.84-1.41

0–1 1.15 0.80-1.64 0.86 0.45-1.62 1.32 0.85-2.05

Regular dental clinic visits

Yes 1.00 1.00 1.00

No 1.40 1.07-1.82 1.34 0.90-1.99 1.50 1.04-2.15

Regional level

Factor I (degree of urbanisation)

highest 1.00 1.00 1.00

high 1.02 0.75-1.39 0.96 0.62-1.48 1.11 0.76-1.60

middle 1.04 0.75-1.45 0.89 0.56-1.43 1.19 0.79-1.78

low 1.09 0.76-1.54 1.31 0.75-2.29 0.97 0.64-1.46

lowest 1.13 0.72-1.77 0.89 0.47-1.71 1.43 0.81-2.54

Factor II (density of services and medical facilities)

highest 1.00 1.00 1.00

high 0.99 0.70-1.38 0.89 0.55-1.46 1.07 0.71-1.60

middle 1.60 1.12-2.29 1.48 0.87-2.51 1.71 1.10-2.66

low 1.10 0.77-1.58 0.99 0.59-1.66 1.14 0.73-1.78

lowest 1.27 0.90-1.80 1.06 0.64-1.74 1.56 1.01-2.39

Factor III (dependence on manufacturing industry)

highest 1.00 1.00 1.00

high 0.99 0.69-1.41 1.02 0.60-1.73 0.98 0.63-1.50

middle 1.14 0.82-1.59 1.15 0.72-1.86 1.11 0.73-1.68

low 1.38 0.93-2.04 1.32 0.75-2.32 1.41 0.87-2.31

lowest 1.51 1.09-2.08 1.51 0.95-2.39 1.53 1.03-2.28

Factor IV (financial health of local government)

highest 1.00 1.00 1.00

high 1.43 1.07-1.93 1.14 0.74-1.74 1.75 1.22-2.52

middle 1.22 0.90-1.65 1.07 0.69-1.68 1.29 0.89-1.87

low 1.19 0.86-1.65 0.88 0.55-1.41 1.50 1.00-2.25

lowest 1.11 0.81-1.53 0.92 0.59-1.45 1.32 0.89-1.96

*Statistically significant p-values are indicated in bold.
OR, odds ratio; CI, confidence interval.
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Table 3 Odds ratios of having dental caries experience according to age group

19–34 years 35–44 years 45–54 years 55–64 years

OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

Individual level

Gender

Male 1.00 1.00 1.00

Women 1.56 1.17-2.07 3.00 2.16-4.15 2.48 1.57-3.93 2.83 1.65-4.84

Monthly family income (thousand Korean won)

≥1500 1.00 1.00 1.00

1000–1490 1.00 0.71-1.41 1.23 0.80-1.90 1.04 0.56-1.94 1.51 0.69-3.31

500–990 0.96 0.67-1.37 0.98 0.63-1.51 0.97 0.53-1.76 1.11 0.57-2.17

<500 1.03 0.59-1.79 1.09 0.58-2.04 0.70 0.34-1.43 1.66 0.78-3.57

Tooth-brushing frequency (number/day)

≥3 1.00 1.00 1.00

2 0.84 0.62-1.12 1.03 0.74-1.45 0.85 0.50-1.45 1.86 1.07-3.21

0–1 0.64 0.35-1.16 1.19 0.55-2.57 1.01 0.43-2.33 2.50 1.07-5.86

Regular dental clinic visits

Yes 1.00 1.00 1.00

No 1.06 0.68-1.64 1.31 0.85-2.03 1.98 1.02-3.83 2.39 0.90-6.36

Regional level

Factor I (degree of urbanisation)

highest 1.00 1.00 1.00 1.00

high 1.11 0.72-1.70 1.21 0.73-2.01 0.92 0.42-2.01 0.65 0.27-1.58

middle 1.15 0.71-1.84 0.85 0.49-1.46 1.09 0.47-2.54 0.88 0.32-2.43

low 1.02 0.59-1.76 0.91 0.50-1.68 1.34 0.56-3.21 1.02 0.41-2.50

lowest 0.97 0.42-2.22 1.12 0.49-2.53 0.92 0.34-2.54 0.98 0.34-2.82

Factor II (density of services and medical facilities)

highest 1.00 1.00 1.00 1.00

high 1.06 0.65-1.72 1.17 0.64-2.16 0.91 0.40-2.06 0.51 0.21-1.27

middle 1.93 1.14-3.30 1.26 0.68-2.35 1.93 0.76-4.94 1.13 0.41-3.10

low 1.07 0.63-1.81 1.29 0.70-2.39 1.08 0.42-2.82 0.85 0.30-2.38

lowest 1.42 0.87-2.32 1.42 0.79-2.55 1.19 0.47-3.04 0.63 0.23-1.75

Factor III (dependence on manufacturing industry)

highest 1.00 1.00 1.00 1.00

high 0.80 0.47-1.38 1.42 0.78-2.60 1.02 0.41-2.57 0.79 0.30-2.10

middle 1.37 0.82-2.29 0.85 0.50-1.44 1.19 0.50-2.82 1.28 0.50-3.26

low 1.18 0.66-2.10 1.62 0.82-3.21 1.46 0.54-3.97 1.22 0.39-3.76

lowest 1.32 0.84-2.05 2.01 1.14-3.57 1.56 0.64-3.81 1.03 0.40-2.68

Factor IV (financial health of local government)

highest 1.00 1.00 1.00 1.00

high 1.56 1.00-2.43 1.47 0.88-2.46 1.57 0.78-3.17 1.13 0.51-2.48

middle 0.99 0.65-1.52 1.28 0.75-2.17 2.47 1.02-5.97 1.23 0.54-2.79

low 1.08 0.67-1.76 0.99 0.58-1.71 2.63 1.05-6.56 0.88 0.38-2.04

lowest 1.11 0.71-1.73 1.21 0.67-2.19 1.00 0.46-2.18 1.25 0.50-3.12

*Statistically significant p-values are indicated in bold.
OR, odds ratio; CI, confidence interval.
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based on differences in patterns of morbidity and mor-
tality between women and men has accumulated. How-
ever, these issues have received little attention to date in
the context of oral health research and practice. The fact
that men and women interact with their environment in
a different way, and thus are likely to benefit from differ-
ent types of intervention, may also have important
health policy implications. However, further research is
needed to gain a more detailed understanding of the so-
cial processes underlying these gender health effects
[19].
In this study, age seemed to act as a possible effect

modifier of environmental impact on dental caries ex-
perience, although this was not obvious from our data.
Based on the results of the present study, we suggest
that young adults (19–34 years) living in areas with good
services and medical facilities were less susceptible to
having dental caries experience. Likewise, old middle-
aged (45–54 years) people had a higher risk of having
dental caries experience if they lived in regions with a fi-
nancially weak local government. This finding may be
because the comprehensiveness of dental health services
provided by community health care centres is highly
dependent on the financial status of the local govern-
ment in Korea, and these services are usually used by
older people rather than younger individuals, who tend
to have less interest in community affairs. A full assess-
ment of this issue requires more clear evidence and the
establishment of a causal background. However, these
various age-related patterns can provide meaningful in-
formation about complex environmental factors that
could affect individual dental caries experience by age
group in different ways.
This study has some limitations. First, the cross-

sectional nature of the data used in this analysis did not
allow us to investigate the directionality of the associa-
tions or to clarify the time frame of the exposures. Sec-
ond, we did not measure the length of time that
participants had spent in their neighbourhoods or the
extent of their exposure to the neighbourhood environ-
ment. Third, our use of the combined DMFT index as
an outcome in this study did not allow us to separate
the proportions of caries, missing, and filled teeth
present, which could be affected in different ways by the
neighbourhood environment during the study period
from that during the subjects’ lives as a whole. Indeed,
filled and missing teeth are indicators of having once
experienced caries. However, with the ageing process,
tooth loss could also be associated generally with peri-
odontal disease. Nonetheless, the DMFT index remains
the basis for caries measurement and has important epi-
demiological significance [37-40]. Fourth, we investi-
gated the association between regional context and
dental caries experience according to gender and age
groups. Because we performed multiple subgroup ana-
lyses, the probability of a false positive finding should be
considered [41]. Finally, our results may have been
affected be residual confounding by other behavioural
and regional characteristics related to caries experience,
such as sugar-related dietary habits and oral hygienic
status, including the use of fluoride toothpastes and
mouth rinses. Water fluoridation is an important issue
affecting caries-related community factors, but Korean
National Oral Health Survey (KNOHS) data do not in-
clude such information; however, the coverage rate is
very low. Additionally, we did not obtain health insur-
ance information because the Korean government’s na-
tional health insurance system covers almost all
Koreans. Although some preventative and aesthetic den-
tal treatments are not covered, basic treatment for den-
tal caries, such as dental filling, is covered by national
health insurance. Overall, further studies are needed to
address the limitations of the present study.

Conclusions
The findings of this study indicate that socio-economic
factors affecting the dental health status of residents
may operate through different mechanisms or degrees
according to geographic location, suggesting that some
age and gender subgroups are likely to benefit from dif-
ferent types of intervention, including the development
of specific health policies.

Methods
Data source and study population
Data on dental caries and individual characteristics for this
study were obtained from the KNOHS of 2000 [42]. This
survey included 21,829 people who were selected as a rep-
resentative sample of the Korean household population
aged≥ 2 years. Of these, 5,259 participants >19 years and
<65 years of age completed an oral health examination
and an interview-based questionnaire.

Dependent variables
To measure the dental caries experience, the DMFT index
was recorded by trained dentists according to the World
Health Organization epidemiologic survey guidelines for
oral health [43]. Individuals with DMFT index scores≥ 1
were classified as having dental caries experience.

Individual-level variables
Information on individual characteristics was collected
by trained interviewers using standardised question-
naires, including demographic factors (age, gender),
health behaviour (tooth-brushing frequency per day, fre-
quency of regular dental check-ups), and socio-
economic factors (average monthly household income).



Table 4 Regional socio-economic indices and rotated factor patterns

Index Factor I Factor II Factor III Factor IV

Population

Registered population 0.70630 −0.04509 −0.03846 0.59089

Persons/square kilometre 0.62011 0.21722 −0.08753 −0.01431

No. of births per 1,000 persons 0.67764 −0.20903 0.37741 0.17307

No. of deaths per 1,000 persons −0.95147 −0.09328 −0.10155 −0.16511

No. of marriages per 1,000 persons 0.71852 0.03687 0.33266 0.11668

No. of divorces per 1,000 persons 0.76403 0.20042 0.18045 −0.08721

No. moving in per 1,000 persons 0.81729 0.07612 −0.01002 0.20400

No. moving out per 1,000 persons 0.83756 0.24285 −0.06981 0.09914

Percent of elderly people (≥65 years) −0.94515 −0.06809 −0.13560 −0.11916

Agriculture

No. of farming households /all households −0.76057 −0.20671 0.07179 0.38994

No. of farmers /registered population −0.70063 −0.20574 0.11421 0.42263

Per capita area under cultivation −0.89877 −0.18861 −0.06235 −0.04281

Manufacturing Industry

No. of manufacturing companies per 1,000 persons 0.04816 0.29067 0.81271 −0.04365

No. of manufacturing workers/registered population 0.09585 −0.02411 0.95265 0.01426

Per capita production from manufacturing industries 0.08634 −0.10685 0.78910 0.08927

Housing/Construction

No. of townhouses/all homes −0.91915 −0.00569 −0.05562 −0.21297

No. of apartments/all homes 0.84051 −0.04889 −0.01530 0.26510

No. of tenement houses/all homes 0.65028 −0.0021 0.18450 0.03346

No. of owner-occupied homes/all homes −0.91408 −0.25359 −0.05341 −0.03496

No. of deposit-basis leased homes/all homes 0.88661 0.19355 0.04016 0.09788

No. of monthly rent homes/all homes 0.72684 0.28249 0.02696 0.01139

Per capita length of roads −0.74692 −0.12811 −0.12375 −0.25597

Transportation

No. of cars per 100 persons 0.30838 0.31150 0.40635 0.18867

No. of privately owned cars per 100 persons 0.70451 0.24995 0.26636 0.28362

Service Industry

No. of banks per 1,000 persons 0.18572 0.89966 0.13660 0.06476

No. of restaurants per 1,000 persons −0.09718 0.80765 0.15243 −0.16288

Health

Number of hospitals and clinics per 1,000 persons 0.33628 0.83723 −0.07375 0.06638

Number of physicians per 1,000 persons 0.18359 0.86048 −0.05135 0.02972

Public Finance

Amount of local taxes collected 0.54397 0.36858 0.09104 0.62067

Expenditure from general account 0.12103 −0.04679 0.01980 0.88998

Financial independency rate 0.72692 0.24522 0.23032 0.45656

Eigenvalue* 15.30554 3.37322 3.20474 1.962914

Proportion* 0.49370 0.10880 0.10340 0.06330

Cumulative* 0.49370 0.60250 0.70590 0.76920

*Results from factor analysis.

Lee et al. International Journal of Health Geographics 2012, 11:30 Page 8 of 10
http://www.ij-healthgeographics.com/content/11/1/30



Lee et al. International Journal of Health Geographics 2012, 11:30 Page 9 of 10
http://www.ij-healthgeographics.com/content/11/1/30
Regional-level variables
Regional characteristics were retrieved from the “Major
statistical indices of Si-Gun-Gu” (city-county-ward) pub-
lished by the Korean Statistical Office [44], which con-
tained 81 indices reflecting regional demographic
structure, services, and social and material infrastructure
in 10 categories for all 232 basic administrative Si-Gun-
Gu districts in Korea. In this study, 31 indices from 1998
in eight categories were selected as our basic regional-
level data. As anticipated, many of these variables were
interrelated; thus, exploratory factor analysis was con-
ducted using the SAS software (ver. 9.1), adopting the
principal component method and orthogonal varimax
rotation. Five factors with eigenvalues> 1.0 were identi-
fied and, of these, the first four with higher eigenvalues
and theoretical coherence were selected. These four fac-
tors accounted for 76.9 % of the variability in our ori-
ginal regional indices (Table 4).
These factors were conceptualised from the factor

loadings of each index as ‘degree of urbanisation (factor
I)’, ‘density of service and medical facilities (factor II)’, ‘de-
pendence on the manufacturing industry (factor III)’, and
‘financial health of local government (factor IV)’. Scores
for each factor were calculated for all districts, and the
districts were then ranked in descending order using
these scores. All districts were categorised into quintile
groups by rank: 1) highest, 2) high, 3) middle, 4) low,
and 5) lowest. These quintile groups were used as
regional-level variables in factor analyses, and were
attached to each of the 5,259 individuals according to
residential area (118 Si-Gun-Gu districts).

Data analysis
A chi-squared test was conducted to evaluate the distri-
butions of individual characteristics and dental caries ex-
perience according to regional factor groups using the
SAS software (ver. 9.1). To allow for the non-
independence of study subjects clustered within districts,
a two-level random intercept logistic regression model
was fitted to the dental caries experience data using
MLwiN (ver. 2.02), adjusting for individual- and
regional-level variables. Second-order PQL estimates
were obtained from the models. To examine differences
in the effects of regional variables according to gender
and age groups, we stratified the sample into women
and men, and into four 10-year-interval age groups (19–
34, 35–44, 45–54, and 55–64 years), and the same model
was used for each subgroup.
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