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ABSTRACT

Objectives We aimed to identify area-based
socioeconomic inequalities in diabetes management

and to examine whether the distribution of healthcare
resources could explain area-based inequalities in
diabetes management.

Design Cross-sectional multilevel analysis from national
survey data.

Setting and participants Data were derived from the
2018 Korean Community Health Survey. Study subjects
included 23 760 participants aged 30 years or older with
diabetes diagnosed by a doctor.

Main outcome measures The dependent variables
were self-reported good glycaemic control, haemoglobin
Alc (HbA1c) testing, recognition of the term HbA1c, and
diabetic complications testing. Area Deprivation Index
was used as an area-based measure of socioeconomic
position. Factors related to regional healthcare
resources—the coefficient of variation (CV) value of
clinics and the number of physicians per 1000—were
considered as potential mediating variables in explaining
the association between diabetes management and area
deprivation. A multilevel logistic regression analysis was
used.

Results Compared with the least deprived quintile, the
likelihoods of not taking HbA1c tests, not recognising the
term HbA1c, and not taking diabetic complication tests in
the most deprived quintile were approximately 1.5 times
(95% Cl 1.25 to 1.80), 2.6 times (95% Cl 1.97 to 3.45)
and two times (95% CI 1.67 to 2.48) higher, respectively.
In the most deprived quintile, CV value of clinics was

the highest and the number of doctors was the lowest.
Regional healthcare resource factors explained inequalities
in managing diabetes by 14%—-18%, especially in the most
deprived quintile.

Conclusions The results in this study suggest that
socioeconomic inequalities in diabetes management may
be explained by regional healthcare resource disparities.
Policy interventions for a more even distribution of
healthcare resources would likely reduce the magnitude
of regional socioeconomic inequalities in diabetes
management.

INTRODUCTION
Diabetes is one of the major risk factors
affecting the poor quality of life and
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Strengths and limitations of this study

» We used a multilevel model to identify the inequali-
ties at the area level and to assess the role of poten-
tial mediators in explaining the association between
diabetes management and the Area Deprivation
Index.

» Relatively small administrative districts (median
population size about 180 000) were used to identify
area-based inequalities, and information about the
number of clinics in smaller units (median popula-
tion size about 10 thousand) was also used.

» The use of medical institutions could go beyond
administrative districts, but this point could not be
considered in the present study.

» This is a cross-sectional study, which could not rep-
resent a causal relationship.

» We could not use the weighting values in the multi-
level analysis, SAS GLIMMIX, which may not guaran-
tee the representativeness of the sample data.

premature death and can lead to a variety of
complications, such as heart attacks, stroke,
amputation of the lower extremities and
impaired vision.' * The prevalence of diabetes
is increasing worldwide, and in 2019, there
were an estimated 463 million people with
diabetes worldwide.! The age-standardised
prevalence of diabetes has nearly doubled
since 1980, from 4.7% to 8.5%.”

According to Korea Disease Control and
Prevention Agency, the age-standardised
prevalence of diabetes in Korean adults over
the age of 30 has risen from 9.5% in 2007
to 10.4% in 2018.” Although early diagnosis
and management of diabetes is important,
low diabetes management control rates were
reported. In 2018, 3—4 out of 10 people with
diabetes were not aware they had the disease
(35%). Around 40% of people with diabetes
were not receiving treatment, and the control
rate with a target goal of haemoglobin Alc
(HbAlc) <6.5% was 28.3%.*
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Studies conducted in other countries have demonstrated
inequalities in diabetes management depending on ones’
socioeconomic position (SEP). At the individual levels,
diabetes patients with lower education and lower income
levels were more likely to have poor glycaemic control than
those with higher education and income levels.”” The
patients with diabetes with lower SEPs such as education and
income used less hospital care than the diabetes patients
with higher SEPs.”® At the regional level, the deprived areas
were positively associated with having less HbAlc testing’
and higher HbAlc values'*™ in people with diabetes.

Meanwhile, enhancing continuity of care is important
in diabetes management,' which may require improved
access to regional healthcare services. Accessibility to
health services can be classified into different dimen-
sions.'* The major barriers to healthcare access are
affordability (ie, economic accessibility) and avail-
ability (ie, physical accessibility)."” Availability is related
to the physical distribution of healthcare resources.'®
Even distribution, along with the appropriate amount
of healthcare resources, is required to assure access to
healthcare services.'” However, the healthcare acces-
sibility improvement policy in South Korea has been
focused on achieving equality in healthcare expenses
through the expansion of insurance benefits over the past
few decades, with few policies prioritising macrolevel
healthcare resource allocation.

Furthermore, the healthcare resource supply system in
South Korea operates via a market mechanism, so that
healthcare resources are distributed in a way that benefits
the medical institutions’ profits, not service needs.”' ** As
a result, healthcare providers and healthcare institutions,
including hospitals and clinics, are concentrated in the big
cities, and facilities and healthcare staff are relatively scarce
in rural areas.”

Inequalities in the regional distribution of health-
care resources may work in the same way for diabetes
management. In other words, the regionally dispropor-
tionate distribution of healthcare resources could lead to
healthcare disadvantages in diabetes care in certain areas.
However, most research on diabetes health inequalities
in South Korea is about differences in diabetes preva-
lence depending on individual SEPs.**® There is limited
research on area-based inequalities in diabetes manage-
ment. Furthermore, there is a lack of research on whether
inequalities in the regional distribution of healthcare
resources are associated with inequalities in diabetes
management. Therefore, our main objectives were to
identify the existence of area-based socioeconomic
inequalities in diabetes management and to examine
whether the distribution of healthcare resources could
explain area-based inequalities in diabetes management.

METHODS

Data and study subjects

We used the 2018 Korean Community Health Survey
(KCHS) conducted by the Korea Disease Control and

Prevention Agency. Data are available on request.”” The
KCHS is a national health survey including Koreans aged
19 years or older. In order to obtain a sample repre-
senting each city (Si), county (Gun), and district (Gu)
of the entire Republic of Korea, the stratified probability
proportionate sampling method was used. To secure
an adequate sample size in each Si, Gun and Gu, if the
interviewer could not meet a household member even
after three visits to a household, a replacement method
of selecting a random other substituted households was
used. The completion rate of households was about 94%,
and response rate of household members was about 95%
in 2010.%

The KCHS collects information on SEP, healthcare util-
isation, health behaviours, including smoking, drinking,
exercise and weight control, and non-communicable
diseases diagnosed by doctors. It is designed as a cross-
sectional survey and is carried out annually using
Computer Assisted Personal Interviewing. A trained
interviewer visits the sampled household and conducts a
one-on-one interview. Responses to the KCHS are made
with the consent of the participant and can be withdrawn
according to the KCHS questionnaire protocols. More
information about the KCHS is available elsewhere.*

Among a total of 228 340 participants in 2018, our
study was limited to 25 396 respondents who were diag-
nosed with diabetes by a physician. Participants with any
missing data were excluded. Because the prevalence of
diabetes in people aged under 30 was relatively very low
(<1%)™ and the number of people under the age of 30
who responded that they had diabetes was actually very
small (69 people), participants under 30 years of age were
excluded from the study. Our final analysis included 23
760 participants aged 30 or older (see figure 1).

To identify local-level healthcare resources, we also used
data on the current status of primary care clinics in 2018
and the number of doctors affiliated with a medical insti-
tution at Si, Gun and Gu levels. This data are provided
by the Health Insurance Review and Assessment Service,

Participants from 2018
Community health survey
(N=228,340)

Respondents who have never been
diagnosed with diabetes by a doctor
(N=202,944) were not included

Respondents who have been
diagnosed with diabetes by a
doctor (N=25,396)

Exclusion criteria

« Respondents who answered “I
am under 30 years old” (N=69),
“I do not know” (N=938), or
refusing a response (N=629)

Final study participants
(N=23,760)

Figure 1 Flow chart of the study participants.
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which manages healthcare resources including human
resources for healthcare, health facilities and medical
equipment in South Korea. These data are openly avail-
able at the Public Data Portal.”!

Study variables

We used indicators related to managing diabetes as
dependent variables, such as: (1) self-reported good
glycaemic control, (2) HbAlc testing, (3) recognition of
the term HbAlc and (4) diabetic complications testing.
Self-reported good glycaemic control was defined as cases
answering ‘yes’ to the question ‘Is your blood glucose
under control?” among those who used insulin injections
or oral hypoglycemic agents to manage their diabetes.
HbAlc testing was defined as when HbAlc tests were
taken at least twice in the last year per Korean Diabetes
Association recommendations.” Recognition of the term
HbAlc was measured using the question ‘How many
HbAlc tests have you taken in the past year?’” Respon-
dents who answered ‘More than four times, three times,
two times, one time or never’ were defined as those who
knew what an HbAlc test is. Respondents who answered
‘I do not know what an HbAlc test is’ were defined as
those who did not. Diabetic complication testing was
measured using the questions ‘Have you had a fundus
examination in the past year to see if there have been
any complications in your eyes caused by diabetes? and
‘Have you taken a test for microalbuminuria to see if you
have developed kidney complications due to diabetes?’
Respondents who answered Yes, I have’ to either of these
two questions were considered to have had complication
testing.

The Area Deprivation Index is a composite measure
of material and social deprivation levels of regions.”® Tt
was used as an area-based measure of SEP in the present
study. The existing calculated area deprivation index
was used in this study.”* * The Area Deprivation Index
was calculated in a South Korean context using the 2015
Population and Housing Census data in Korea. Statistics
Korea carries out a Population and Housing Census every
5 years to identify all Koreans and foreigners residing
in South Korea and to assess size and characteristics of
housing.”® Tt was calculated using the proportion of
those of a low social class, in poor housing conditions,
with a low education level, divorced or bereaving, people
living alone, in a female-headed household, the elderly,
households without a vehicle, and households not living
in an apartment. Each of these nine variables was stan-
dardised using a Z-score, then combined to compute the
area deprivation index.” The area deprivation index was
classified into quintiles, with lower area deprivation index
values (Q1) representing less deprivation.

We used sociodemographic factors, individual SEP and
health behaviourrelated factors to determine the neigh-
bourhood compositional effects. Sociodemographic vari-
ables included gender, age, marital status. Marital status
was categorised as currently married, never married or
previously married. Individual-level SEP indicators were

educational level, household income, occupation, receipt
of National Basic Livelihood Security benefits, and resi-
dential area. Educational level was classified as elementary
school or less, junior high school graduate, high school
graduate or college graduate or higher. Equivalised
household income (represented in quartiles) was calcu-
lated by dividing the total monthly household income by
the square root of the total household members. Occu-
pations were divided into professional/clerical, service/
sales, manual, homemaker, unemployed, and other,
which included soldiers and students. Receipt of National
Basic Livelihood Security benefits was dichotomised as
yes or no. The regions were classified into metropolitan,
urban and rural areas.

Health behaviourrelated variables consisted of
smoking, drinking and regular physical activity. Smoking
was dichotomised as yes (current smoker) or no (former
smoker or never a smoker). Drinking alcohol was also
dichotomised as yes (drinkers who have drunk for the
past year) or no (never a drinker or drinkers who has not
consumed alcohol for the past year).”” Regular physical
activity was defined as walking for more than 30 min a
day on more than 5 days a week, based on guidelines for
the Practices of Physical Activities for the Prevention of
Cancer in South Korea.”

Factors related to regional healthcare resources
included a coefficient of variation (CV) and the number
of physicians per 1000 population to identify contextual
neighbourhood effects. CVs of clinics was used to iden-
tify how evenly clinics were distributed in each of the 250
districts. The formula of the CV is (SD/mean)x100. The
CV of clinics in each district was calculated using SD and
the mean of the number of clinics in Dong/Eup, Myeon
(median population size about 10 thousand), which are
subadministrative units under Si, Gun, and Gu districts
(median population size about 180 000). If clinics are
distributed in a balanced way through Dong/Eup, Myeon
in a relevant Si, Gun, or Gu district, then the CV value
decreases, and if clinics are concentrated in some Dong/
Eup, Myeon, then the CV value increases. That means
high CV values represent a large deviation in the number
of clinics. The number of physicians per 1000 population
was defined as physician density, which is the number of
medical doctors, including generalists and specialists,
relative to a district’s population. We presented the CV
value and the number of physicians per 1000 population
as mean, SD, and percentage above a certain standard; the
median value for CV and the Organisation for Economic
Co-operation and Development (OECD) average for
the number of physicians per 1000 population in South
Korea.™

Statistical analysis

We calculated frequencies and the weighted proportion of
socio-demographic and health behaviour-related variables
by gender to identify the study population’s distribution.
Age-standardised rates of managing diabetes were also
calculated according to study participant characteristics.
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We used a multilevel logistic regression analysis to analyse
the hierarchical data.* For the multilevel analyses, we
included regions as a random intercept and built four
models to estimate fixed effects. A multilevel model was
constructed to examine the association between diabetes
management and area deprivation. We created a baseline
model and three additional models to assess the role of
potential mediating variables in explaining the associa-
tion between diabetes management and the Area Depri-
vation Index. This was intended to determine how the
distribution of regional healthcare resources explains
the inequality in diabetes management. We included
gender, age and the Area Deprivation Index in a baseline
model (model 1). Model 2 included healthcare resource
variables (ie, CV and the number of physicians per 1000
population) additional to model 1. In model 3, individual
SEP indicators and health behaviourrelated variables
were added to model 1. Model 4 included all of the study
variables.

The explanatory power of potential mediating vari-
ables was represented by the percentage change in the
OR by adding potential mediating variables to a baseline
model. This method has been used to assess the contri-
bution of potential mediating variables towards socioeco-
nomic inequality in health.” ™ The explanatory power is
calculated as 100 x [ (OR in model 1) — (OR in the model
adjusted for potential mediating variables)]/ [(OR in
model 1)]. All statistical analyses were performed using
the SAS GLIMMIX procedure (PROC GLIMMIX, SAS
V.9.4, SAS Institute). Our analyses using PROC GLIMMIX,
which cannot allow for survey weights may not guarantee
the representativeness of the sample data.

Patients and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

The general characteristics of the study population are
shown in table 1. There were 23 760 people who had
been diagnosed with diabetes: 11 496 (48.4%) males and
12 264 (51.6%) females. The proportion of those aged
70-79 years was higher (31.9%), followed by those aged
60-69 years (30.4%). The proportions of people with an
elementary school education or lower (46.5%) and high
school graduates (24.5%) were higher, compared with
junior high school graduates (16.4%) and those with a
college degree or higher (12.6%). Among women who
had been diagnosed with diabetes, those with an elemen-
tary school education or lower tended to have a higher
proportion (64.0%). Manual workers tended to have a
higher proportion (32.7%), followed by unemployed
people (27.0%), homemakers (24.9%), service workers
(8.4%), and professional workers (6.9%). However,
among women, homemakers had the highest proportion
(47.9%) of having been diagnosed with diabetes. The

proportions were high for those within married people
(69.8%) and those who were not recipients of National
Basic Livelihood Security benefits (93.6%).

Table 2 describes the age-standardised rates of managing
diabetes. Among study subjects, the age-standardised rate
of self-reported good glycaemic control was 76.3%, the
rate of HbAlc testing was 41.0%, that of recognition of
the term HbAlc was 82.6%, and that of diabetic compli-
cation testing was 30.6%. The rates of self-reported good
glycaemic control and HbAlc testing were higher in men
than in women, while the rates of recognising the term
HblAc and diabetic complication testing were similar in
men and women. All four diabetes managementrates were
higher in those with a spouse. The rate of self-reported
good glycaemic control was 77.2% for those with a college
degree or higher and 79.2% for those with an elementary
school education or lower, with a gap of -2% points. The
difference between the two groups in diabetic complica-
tions testing accounted for —3.4% points. In contrast, the
differences in HbAlc testing and recognition of the term
Hb1Ac were 18.6% points and 21.4% points, respectively.

For household income level, the rates of diabetes
management were highest in the fourth quartile, with the
difference between the group in the first quartile being
4.5% points, 8.8% points, 16% points and 6.6% points,
respectively. The household income level in this study
means the first quartile was the lowest and the fourth
quartile was the highest. Professional people tended to
take more HbAlc and diabetic complications tests, had
greater awareness of the term HbAlc, and had less self-
reported good glycaemic control than the other groups.
Those who were not eligible for National Basic Livelihood
Security benefits were more likely to have self-reported
good glycaemic control, take HbAlc tests and recognise
the term HbAlc than recipients, while the rates of compli-
cation testing showed the opposite result. For residential
areas, the four diabetes management rates were highest
in metropolitan areas.

Table 3 presents the distribution of diabetes manage-
ment rates by area deprivation. There was no clear differ-
ence in the rates of self-reported good glycaemic control
according to area deprivation, whereas the rates of
HbAlc testing in the least and most deprived areas were
39.4%, and 27.3%, respectively. The difference between
the two groups was 12% points. Regarding recognition
of the term HbAlc, the rates ranged from 81.8% in the
first quintile (least deprived) to 59.4% in the fifth quintile
(most deprived). The observed difference between the
least and the most deprived area was 22.4% points. The
gap between the two groups was 13.8% points in diabetic
complications testing rates.

Table 4 shows the distribution of healthcare resources
rates by area deprivation. The CV value was highest in the
most deprived areas, suggesting that clinics were further
and more dispersed in districts with poorer socioeco-
nomic conditions. The number of doctors per 1000 popu-
lation was 1.4, which was the lowest in the fifth quintile
(most deprived).
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N (%)
Variables Total (N=23 760) Men (N=11 496)

o
3
o
5
—
4
i
X
N
-3
£

Men 11 496 (48.4)

Age (years)

40-49 1446 (6.1) 941 (8.2) 505 (4.1)

60-69 7221 (30.4) 3720 (32.4) 3501 (28.6)

80-89 2805 (11.8) 983 (8.6) 1822 (14.9)

Marital status

Never married 579 (2.4) 437 (3.8) 142 (1.2)

Education

Junior high school graduate 3896 (16.4) 2145 (18.7) 1751 (14.3)

>college 2985 (12.6) 2311 (20.1) 674 (5.5)

1st quartile 6162 (25.9) 2150 (18.7) 4012 (32.7)

3rd quartile 5939 (25.0) 3073 (26.7) 2866 (23.4)

Occupation

Service/sales 1991 (8.4) 865 (7.5) 1126 (9.2)

Homemaker 5911 (24.9) 33 (0.3) 5878 (47.9)

Others 25 (0.1) 23(0.2) 2(0.0)

Yes 1514 (6.4) 597 (5.2) 917 (7.5)

Residential area

Urban 8635 (36.3) 4242 (36.9) 4393 (35.8)

Smoker

No 20 084 (84.5) 8198 (71.3) 11 886 (96.9)
Yes 12 289 (51.7) 7730 (67.2) 4559 (37.2)
Continued

(3]
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Table 1 Continued

N (%)
Variables Total (N=23 760) Men (N=11 496) Women (N=12 264)
No 11 471 (48.3) 3766 (32.8) 7705 (62.8)
Regular physical activity
Yes 4659 (19.6) 2128 (18.5) 2531 (20.6)
No 19 101 (80.4) 9368 (81.5) 9733 (79.4)

*The lowest (Q1) and the highest (Q4).

Table 5 shows the association between poor diabetes
management and area deprivation, including the explan-
atory power of potential mediating variables. In model
1, there was no association between self-reported good
glycaemic control and the area deprivation index. There
was a statistically significant likelihood of other diabetes
management indicators, especially in more deprived
quintiles. The odds of not taking HbAlc tests were greater
in the most deprived quintile compared with in the least
deprived quintile (OR: 1.50, 95% CI: 1.25 to 1.80). The
odds of not recognising the term HbAlc were statisti-
cally significant in the fifth quintile compared with the
first quintile (OR: 2.61, 95% CI: 1.97 to 3.45). The area
deprivation index was also significantly associated with
not taking diabetic complication tests (OR: 2.04, 95% CI:
1.67 to 2.48).

The explanatory power of individuallevel variables
in diabetes management was relatively high, while the
explanatory power of healthcare resources was substan-
tial. For HbAlc testing, 16.8% (the fifth quintile) of
change was due to healthcare resource factors in model
2. For recognition of the term HbAlc, the percentage
changes due to healthcare resources were around 11% in
the fourth quintile and 18% in the fifth quintile. Health-
care resources explained roughly 14% of the excess ORs
of no diabetic complications testing in the fourth and
fifth quintiles. In model 4, which included both regional
healthcare resource factors and individual-level variables,
the explanatory powers in explaining the association
between area deprivation and poor diabetes manage-
ment, such as recognition of the term HbAlc and diabetic
complications testing, in the most deprived quintile were
58.9% and 41.0%, respectively.

DISCUSSION
This study identified area-based inequalities in diabetes
management and the extent to which the distribution of
healthcare resources could explain such inequalities.
Diabetes management indicators, excluding self-
reported good glycaemic control, differed depending on
the area deprivation index, especially in more deprived
quintiles. People living in the most deprived quintile were
approximately 1.5 times less likely to be taking HbAlc
tests than those living in the least deprived quintile.
Compared with the least deprived quintile, the likelihood

of not recognising the term HbAlc and not taking
diabetic complication tests in the most deprived quintile
were roughly 2.6 times and two times higher, respectively.

Our results were somewhat consistent with previous
studies. When using household income, education, occu-
pation and home value as the area-level SEP, people living
in the most deprived areas were less likely to receive
HbAIc tests and eye examinations.’ Also, several studies
using the Townsend score or the index of Multiple Depri-
vation to calculate area deprivation found that those
living in the most deprived areas were less likely to get
HbAlc testing®’ and retinopathy,47 *® and had higher
HbAlc values than those in the least deprived areas.'* **’
This suggests that the most deprived areas have the worst
diabetes management.

These area-based inequalities in diabetes management
were explained partially by the distribution of healthcare
resources. The explanatory power of healthcare resources
in explaining the relationship between area deprivation
and poor diabetes management was about 17% in HbAlc
testing, 18% in recognition of the term HbAlc, and 14%
in diabetic complications testing, especially in the fifth
quintile. These results can be explained by the contextual
effects of area-based socioeconomic environment.” **
Prior studies showed household income at the commu-
nity level to be associated with access to healthcare® and
with breast and cervical cancer screening,” implying that
the relationship went beyond the compositional effects
of individuals living in those areas. Disadvantaged neigh-
bourhoods were negatively associated with receiving
blood pressure (a 28% decline in the odds) and choles-
terol screening (an 18% decline in the odds) N7 compared
with a 42% decline in the odds of HbAlc testing in our
study. Uptake of eye examinations for diabetes was lower
in more deprived areas,” suggesting patients with poor
diabetes management may have an increased risk of devel-
oping diabetes complications. According to a previous
Korean study, patients with diabetes in more deprived
areas had higher hospital admissions related to diabetes
complications than those living in less deprived areas.”
This indicates that the characteristics of socioeconomi-
cally disadvantaged areas affect the ability of individuals
to use healthcare services, regardless of their SEP.

People in more deprived areas with greater need have
limited access to high-quality healthcare.”” Previous
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N (age-standardised %) ‘ Diabetic
Self-reported good glycaemic Recognition of the term complications
Variables control HbA1c testing HbA1c testing

Gender

Women 9977 (70.9) 3659 (38.6) 7822 (82.2) 3374 (30.7)

Currently married 13760 (77.1) 5816 (42.1) 12 120 (84.3) 4886 (31.1)

Previously married 5333 (70.9) 1610 (39.0) 3726 (77.5) 1627 (29.2)

<Elementary school 9076 (79.2) 2538 (29.5) 5996 (69.8) 2627 (39.0)

High school graduate 4780 (76.6) 2381 (40.8) 4785 (84.5) 1815 (30.7)

Equivalised household income*

2nd quartile 4522 (71.3) 1615 (35.9) 3580 (80.3) 1556 (32.0)

4th quartile 5106 (78.5) 2560 (44.1) 5109 (87.5) 1996 (33.2)

Professional/clerical 1357 (80.5) 773 (47.4) 1470 (89.9) 566 (38.4)

Manual 6424 (76.6) 2502 (41.1) 5238 (77.7) 1925 (28.0)

Unemployed 5307 (71.4) 1760 (35.0) 4128 (79.8) 1876 (31.3)

Receipt of National Basic Livelihood Security benefits

No 18 358 (76.7) 7305 (41.8) 15 428 (83.2) 6261 (30.5)

Metropolitan 5080 (77.2) 2259 (42.1) 4788 (85.9) 2073 (32.1)

Rural 7361 (76.2) 2408 (36.3) 5241 (71.2) 1991 (22.6)

Yes 2946 (78.3) 1,31 (40.8) 2697 (80.5) 914 (28.1)

Drinker

No 9524 (73.6) 3227 (38.4) 7273 (81.7) 3295 (33.7)

Yes 3890 (77.9) 1566 (41.9) 3305 (84.5) 1452 (33.5)

*The lowest (Q1) and the highest (Q4).
HbA1c, haemoglobin Alc.
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Table 3 The distribution of diabetes management rates by area deprivation

(%)

Self-reported good

Recognition of the term Diabetic complications

Area deprivation glycaemic control HbA1c testing HbA1c testing
1st quintile 80.7 39.4 81.8 34

2nd quintile 81.2 37.8 77.8 34.3
3rd quintile 80.6 85 76.3 32.9
4th quintile 81.4 34.7 69.5 26.8
5th quintile 82.5 27.3 59.4 20.2
Difference* -1.8 12 22.4 13.8

The least-deprived (Q1) and the most-deprived (Q5).
*Difference between the least and the most deprived area (% points).
HbA1c, haemoglobin Alc.

Korean studies found that a lot of healthcare resources
were distributed in cities with high financial indepen-
dence and high local taxes.”® Healthcare resources were
distributed by area-based SEP, unrelated to health needs.™
When defining geographical accessibility of healthcare
resources as the distance between the patient’s residence
and healthcare institutions visited by the patient, people
with diabetes living in rural areas travelled far to visit
healthcare institutions compared with their metropol-
itan and urban counterparts.” This suggests that rural
areas have less accessibility to healthcare for managing
diabetes than large cities. According to a prior Chinese
study that analysed the relationship between the distribu-
tion of healthcare resources and diabetes management,
an increase in the number of physicians in hospitals
and primary health centres was positively associated
with visits from patients with diabetes. Especially in
rural and less economically developed areas, there was
a positive relationship between an increased number of

Table 4 The distribution of healthcare resource rates by
area deprivation

The no of

physicians per 1000
Area (61 population
deprivation Mean=SD %* MeanzSD %t
1st quintile  143.16+58.03 26.0 1.58+1.13 10.0
2nd quintile  151.45+59.33 28.0 1.68+0.63 14.0
3rd quintile  184.58+77.44 50.0 1.71£1.34 14.0
4th quintile  200.07+74.68 58.0 1.80+2.06 12.0
5th quintile ~ 227.94+71.20 72.0 1.35+0.51 2.0

The least-deprived (Q1) and the most-deprived (Q5).

*The percentage of CV values greater than 178.74 (the median of
CV).

1The percentage of number of physicians per 1000 population
greater than 2.3 (according to OECD standards, the number of
physicians per 1000 population in South Korea is 2.3).

CV, coefficient of variation; OECD, Organisation for Economic Co-
operation and Development.

healthcare workers at primary health centres and visits
among patients with diabetes,'® implying that healthcare
resources for better diabetes management need to be
allocated more to disadvantaged areas.

Patients with individual low SEPs were likely to have poor
diabetes management. This showed that compositional
effects have an impact on inequalities in diabetes manage-
ment by area deprivation, in addition to the aforementioned
contextual effects.”’ This may explain differences in the use
of healthcare services and glycaemic control capacity, which
may be influenced by the characteristics of the individual
(eg, education and income level). Several studies have found
low SEPs to be associated with a greater likelihood of having
higher HbAlc levels” and a smaller likelihood of receiving
eye examinations for diabetes than high SEPs.5 63 64 Also,
there was an inverse association between diabetes knowl-
edge and glycaemic control among low-income patients with
diabetes.”

Individual high SEPs could lead to high health literacy,
which affects use of healthcare services and glycaemic
control capacity. Health literacy refers to the ability of an
individual to access, understand and use information in a
way that promotes and maintains good health for them-
selves, their families and their communities.®® However,
this ability may also be associated with the area-based
socioeconomic level. A previous study identified that lower
health literacy was significantly associated with higher
area deplrivation.67 Low community-level health literacy
contributes to the spread of misconceptions and greater
distrust of doctors and of the health system. Differences
in area-based health literacy may ultimately affect health
outcomes and health inequalities.”*”" To reduce area-
based health inequalities, the physical environment must
be improved and infrastructure established that provides
community-wide diabetes management information.

Our study has limitations. First, we performed a cross-
sectional analysis, which does not represent a causal rela-
tionship. Second, we used the distribution of clinics across
250 districts as the indicator of the accessibility of healthcare
services. As the use of healthcare services cannot be limited
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to administrative districts, a previous study calculated the
geographic distances to healthcare institutions considering
people’s daily activities.” However, we selected 250 districts
as analysis units so representative data were calculated on an
administrative district basis, allowing us to identify the need for
regional units to resolve health inequalities. Third, we could
not differentiate between type 1 and type 2 diabetes, because
the KCHS questionnaire does not distinguish between them.
However, since the prevalence of type 1 diabetes in the popu-
lation aged 30 years or older is very low compared with type 2
diabetes,” it is thought that it may not have had a significant
impact on the results of our study. Fourth, due to the limita-
tions of the data, we could not consider the level of exercise
intensity, which may be important to measure regular phys-
ical activity. Also, because KCHS lacks clinical data on blood
glucose, we analysed based on the selfreported data on good
glycaemic control. Fifth, the percentage excess risk explained
was used to evaluate the role of mediating variables. However,
this method could lead to underestimating the mediating
effect compared with the recently proposed method,” so the
results should be interpreted in consideration of this point.
Sixth, the data KCHS used in this study presented weighting
values to make the sample survey representative. However,
we could not use the weights in the multilevel analysis, SAS
GLIMMIX, in the process of analysing the inequality of
diabetes management by considering individuallevel and
area-level variables. The results should be interpreted with
this in consideration. Despite these limitations, our find-
ings indicate that the distribution of healthcare resources
is an important factor in explaining diabetes management
inequalities resulting from area deprivation. This suggests a
need to reduce area-based inequalities in diabetes manage-
ment through the appropriate allocation of healthcare
resources.

Conclusions

People with diabetes living in the most deprived areas
were more likely to have poor diabetes management. The
risk of poor diabetes management could be explained
by the distribution of regional healthcare resources.
Deprived areas may have decreased access to glycaemic
control healthcare services, leading to poorer diabetes
management. Our study suggests that the appropriate
allocation of healthcare resources could reduce inequali-
ties in diabetes management.
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