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Objectives: The use of qualitative healthcare services or its discrepancy between different income levels of the type 2 diabetes (T2D)
patients has seldom been studied concurrently. The present study is unique that regarding T2D patients of early stages of diagnosis.
Aimed to assess the utilization of qualitative healthcare services and influence of income levels on the inequality of care among newly
diagnosed patients with T2D.

Methods: A retrospective cohort study of 7590 patients was conducted by the National Health Insurance Service National Sample Co-
hort 2.0 from 2002 to 2015. Insured employee in 2013 with no history of T2D between 2002 and 2012 were included. The standard of
diabetes care includes hemoglobin A1c (HbAIc; 4 times/y), eyes (once/y) and lipid abnormalities (once/y). Multivariate logistic regres-
sion analysis was performed to examine the difference between income levels and inequality of care.

Results: From years 1 to 3, rates of appropriate screening fell from 16.9% to 14.1% (HbA1c), 15.8% to 14.5% (eye), and 59.2% to 33.2%
(lipid abnormalities). Relative to income class 5 (the highest-income group), HbA1 screening was significantly less common in class 2
(year 2: odds ratio [OR], 0.78; 95% confidence interval [Cl], 0.61 to 0.99; year 3: OR, 0.79; 95% Cl, 0.69 to 0.91). In year 1, lipid screening
was less common in class 1 (OR, 0.84; 95% Cl, 0.73 to 0.98) than in class 5, a trend that continued in year 2. Eye screening rates were
consistently lower in class 1 than in class 5 (year 1: OR, 0.73; 95% Cl, 0.60 to 0.89; year 2: OR, 0.63; 95% Cl, 0.50 to 0.78; year 3: OR, 0.81;
95% Cl, 0.67 to 0.99).

Conclusions: Newly diagnosed T2D patients have shown low rate of HbA1c and screening for diabetic-related complications and ex-
perienced inequality in relation to receiving qualitative diabetes care by income levels.
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and tend to have poorer glycemic control than those with
higher SES [6-8], leading to serious microvascular and macro-
vascular complications [9,10]. Recent studies have reported
that disparities in the quality of diabetes care persist due to a
lack of access to or eligibility for affordable medical insurance,
even in countries with universal health coverage (UHC) [11-14].
In single-payer systems such as that of Canada, access to qual-
ity diabetes care may not be universal. Individuals with lower
incomes are more likely to visit a family physician, while high-
er-income patients are nearly twice as likely to receive referrals
for specialty care [15]. Additionally, low income is associated
with a higher rate of hospitalization for acute diabetes-related
complications. Booth and Hux [16] demonstrated that, even
within a universal health care system, the least affluent patients
were admitted to hospital 43% more often than the wealthiest
patients. Within publicly funded and universally accessible
systems, evidence suggests that individuals from lower socio-
economic groups have less access to care, reflected in longer
wait times and fewer referrals to specialists [15-17]. This may
contribute to worse health outcomes, such as the increased
rate of acute diabetic complications observed in lower-income
populations by Booth and Hux [16].

Adequate diabetes care and healthcare-seeking behaviors
may substantially impact patient prognosis, particularly in the
early stages after diagnosis [18]. However, healthcare utiliza-
tion and its disparities across income levels in T2D have rarely
been studied concurrently. Additionally, the present study is
notable in that it focuses on patients with T2D in the years im-
mediately following diagnosis. This study aimed to assess the
utilization of qualitative healthcare services and the influence
of income level on care inequality in this newly diagnosed
population.

METHODS

Data and Participants

This retrospective cohort study utilized the National Health
Insurance Service National Sample Cohort 2.0 (NHIS-NSC2)
database. The NHIS-NSC2, representing 2.2% of the total eligi-
ble Korean population in 2006, was constructed through ran-
dom sampling of a selected cohort. It includes personal and
demographic information, medical treatments received from
2002 to 2015, and other relevant data such as income status
and medical records [2]. The NHIS-NSC2 dataset indicates the
decile of insurance premiums for each participant. The system
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for calculating premiums differs between employees and the
self-employed. A recent study indicated that the mean annual
income of employed individuals was US$15 000 higher than
that of self-employed people [19]. Additionally, self-employed
individuals experience work transitions more frequently than
employees, due to the precarious nature of their employment
status and the complexity of their work environment. Conse-
quently, we categorized our study cohort into the employed
group only and self-employed insured and the Medical Aid
beneficiaries were excluded.

Inclusion criteria

Case of T2D in the period 2013-2015 were ascertained by
following the inclusion criteria: (1) employed insured people
were included only, (2) beneficiaries’ claims with T2D (Interna-
tional Classification of Diseases, 10th revision, Clinical Modifi-
cation; ICD-10 codes: E11.xx), and (3) with at least 1 ambulatory
visit for diabetes-related illnesses (ICD-10 codes: E11.xx) within
1 year or 1 prescription of oral anti-diabetic agents (ICD-10
codes: A362) within 1 year considering that the accuracy of the
diagnosis of health insurance data is about 70% [20,21]. Pa-
tient were followed until December 31, 2015.

Exclusion criteria

Individuals were excluded from the study if they were either
diagnosed with T2D (ICD-10 codes: E11.xx or A362) or prescribed
antidiabetic agents during the washout period of 2002 to 2012.
Considering differences in the timing and characteristics of
medical usage, only patients who had not received medical
care for T2D prior to 2013 were considered eligible for the pres-
ent research. Those who were not health beneficiaries of the
NHIS were excluded from the study population. The sample
population included 7590 patients who were newly diag-
nosed with T2D.

Measurements
Income level

The exposure variable in this study was income level. The
average monthly insurance premium, as estimated by the
NHIS, was used to indicate household income. Monthly premi-
ums for health insurance subscribers for workplace health in-
surance are determined based on monthly salary recorded in
the NHIS registry archive in 2013 while monthly premiums for
local health insurance subscribers are based on the income or
property of eligible households. In NHIS, the patient’s insur-
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ance status is encoded as follows: 0 for medical aid and 1-10
for evenly distributed percentiles according to insurance pre-
mium. For this study, these groups were re-categorized into 5
income classes, with class 1 representing the lowest income
and class 5 the highest income. The distribution was as follows:
class 1 (n=1375), class 2 (n=1207), class 3 (n=1260), class 4
(n=1627), and class 5 (n=2121). Insurance premiums are cal-
culated based on monthly income; thus, the study only includ-
ed participants with relatively stable employment. Additional-
ly, since T2D is more prevalent among elderly individuals, who
tend to be in higher income categories, a relatively large num-
ber of participants were classified in income group 5.

Quality of diabetes care

Three screening tests—for hemoglobin A1c (HbAlc) levels,
retinopathy (eye screening), and triglyceride levels (lipid ab-
normalities)—were used as indicators of diabetes care utiliza-
tion, which was assessed by income level over the study period
[2]. The 2021 American Diabetes Association guidelines indicate
that standard diabetes care should include HbA1c check-ups
4 times per year, annual low-density lipoprotein (LDL) choles-
terol testing, and an annual eye examination [22]. Diabetic-
related complication screening guideline recommend HbA1c
test at least twice a year however, due to high volume of health-
care service uses in Korea, we defined HbA1c tested at least
4 times in a year [23]. Lipid abnormalities tested at least once
of the total cholesterol, high-density lipoprotein cholesterol,
and triglyceride or the LDL cholesterol were tested within a
year were clinically defined. Eye screening was considered ad-
equate if the patient underwent fundus examination, fluores-
cein angiography, or indocyanine green angiography at least
once during the year.

Statistical Analysis

Baseline proportions of patient demographics and clinical
characteristics were described. The association between in-
come disparity and the utilization of diabetes care was exam-
ined using multivariable logistic regression models, with ad-
justed odds ratios (ORs) and p-values reported alongside 95%
confidence intervals (Cls). The highest-income group (class 5)
served as the reference to represent the general population.
Covariates included sex; age; comorbidity; National Health In-
surance (NHI) registration location (urban or rural); pre-exist-
ing diabetes complications (eye issues, nephropathy, neuropa-
thy, lower limb amputation, ischemic heart disease, or cere-
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Characteristics n (%)
Sex
Male 3718 (49.0)
Female 3872 (51.0)
Age (y)
20-44 1672 (22.0)
45-54 1825 (24.0)
55-64 1865 (24.6)
65-74 1319(17.4)
=75 909 (12.0)
Residential area
Rural 1573 (20.7)
Urban 6017 (79.3)
Income class
Class 5 2121 (27.9)
Class 4 1627 (21.4)
Class 3 1260 (16.6)
Class 2 1207 (15.9)
Class 1 1375(18.1)
Comorbidities
Hypertension (yes) 817 (10.8)
Heart disease (yes) 85(1.1)
Stroke (yes) 50(0.7)
Renal disease (yes) 17(0.2)
Charlson comorbidity index
0 1925 (25.4)
1 2598 (34.2)
>?2 3067 (40.4)
Main source of healthcare (level of medical Institution)
Primary 6681 (88.0)
Secondary 237 (3.1)
Tertiary 672 (8.8)
No. of ambulatory care visits
1-3 6153 (81.1)
4-6 665 (8.8)
7-9 360 (4.7)
10-12 215(2.8)
>13 197 (2.6)
No. of providers
1 (single) 7166 (94.4)
2 371(4.9)
>3 53(0.7)
Drug prescription days per year (PDC)'
<180 2182 (72.9)
180-269 314(10.5)
270-359 261(8.7)
=360 235(7.8)

PDC, proportion of days covered.
'Participants included only those with insulin and blood glucose-lowering
agents (classification code “396") in the prescription.
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brovascular disease) identified by ICD-10 codes; type of health
coverage; frequency of physician visits; and types of health-
care facilities visited. Residential area and the type of health
insurance premiums were determined as of the end of De-
cember 2012. During the follow-up period, the main sources
of healthcare—divided into primary, secondary, and tertiary
medical facilities—were assigned, defined as receiving more
than 2 outpatient visits by the participant. Comorbidity was
indicated by the identification of at least 2 NHI diagnoses in
2013. Comorbidities were measured using Charlson comor-
bidity index [24] scores (1, 2, or =3) or the presence of at least
1 additional chronic condition among hypertension, heart dis-
ease, stroke, and renal disease. These 4 diseases were selected
for comorbidity analysis based on the relevant literature, clini-
cal medical textbooks, diabetic medical guidelines, and pat-
terns of hospitalization and outpatient service utilization among
the patients analyzed in 2012.

Analyses were performed using SAS version 9.4 (SAS Insti-
tute Inc,, Cary, NC, USA).

Ethics Statement

This study was granted ethical approval by the Institutional
Review Board of the National Health Research Institutes of Ko-
rea (NHIS-2021-2-086), under University of Chung-Ang IRB
1041078-202008-HRSB-210-0.

RESULTS

Table 1 presents the demographic characteristics of individ-
uals newly diagnosed with T2D in 2013. The distribution of
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patients with T2D was nearly equal between the sexes, with
49.0% male and 51.0% female. Regarding age, 46.0% of pa-
tients were under 55 years old, while 54.0% were older than
55 years. The participants predominantly lived in urban areas,
outnumbering rural residents in every income class. The most
frequent main source of healthcare services was primary care
(representing 88.0% of patients), with a single healthcare pro-
vider (94.4%) and under 1-3 annual ambulatory care appoint-
ments (81.1%) predominating. Of the patients, 72.9% had
fewer than 180 days of medication coverage per year.

For HbA1c screenings (Table 2), a steady decline was noted
in the proportion of appropriate testing over the follow-up
years. Specifically, this rate decreased from 16.9% in the first
year to 15.5% in the second year and 14.4% in the third year
after diagnosis. The results indicated a strong association with
lower income class starting in the second year. Patients newly
diagnosed with T2D in the class 2 income category displayed
an OR of 0.78 (95% Cl, 0.61 to 1.00) in the second year, while
those in class 4 exhibited an OR of 0.77 (95% Cl, 0.61 to 0.97);
both were significantly lower compared to class 5 (reference;
OR, 1.00) after adjusting for covariates in the multivariate lo-
gistic regression analysis. Similarly, in the third year, the odds
were significantly lower in income classes 1, 2, and 4, with ORs
of 0.88 (95% Cl, 0.77 to 1.00), 0.79 (95% Cl, 0.69 to 0.91), and
0.82 (95% Cl, 0.73 t0 0.93), respectively.

As shown in Table 3, the proportions of patients undergoing
eye and lipid screenings at least once a year decreased over
time. Specifically, the rate of eye screenings declined from 15.8%
to 14.5%, while the rate of lipid screenings dropped from 59.2%
to 33.2%. In the multivariable logistic regression analysis for

=4 HbA1c measurements

Income Follow-up
class First year Second year Third year
n (%) Unadjusted Adjusted n (%) Unadjusted Adjusted n (%) Unadjusted Adjusted
Total 1275(100) 1088 (100) 1085 (100)

Classb  382(18.0) 1.00 (reference) 1.00 (reference)
Class4  259(15.9) 0.86(0.72, 1.02) 0.84(0.69, 1.01)
Class3  219(17.4) 0.94(0.78,1.13) 0.87(0.71, 1.08)

Class2  182(16.3) 0.87(0.72,1.06) 0.85(0.68, 1.05)
Class 1 233(16.9) 0.92(0.77,1.11) 0.85(0.70, 1.05)

Values are presented as odds ratio (95% confidence interval).

303 (14.1) 1.00 (reference) 1.00 (reference)
218(12.9) 0.89(0.73,0.99) 0.77(0.61, 0.97)*
203(16.1) 1.15(0.94,1.39) 0.99(0.78, 1.26)
161(13.8) 0.98(0.80,1.21) 0.78(0.61, 1.00)*
203 (15.5) 1.12(0.92,1.36) 0.85(0.66, 1.07)

314 (14.4) 1.00 (reference) 1.00 (reference)
230(13.7) 0.94(0.78,1.13) 0.82(0.73, 0.93)*
186 (14.7) 1.03(0.84, 1.25) 0.92(0.81, 1.01)
158(13.5) 0.95(0.77,1.17) 0.79(0.69, 0.91)***
197 (14.4) 1.01(0.83, 1.23) 0.88(0.77, 1.00)*

"Multivariate logistic regression was adjusted for age, sex, Charlson comorbidity index, comorbidities (hypertension, heart disease, stroke, renal disease), re-

gional area, and the main source of healthcare (level of medical Institution).
*p<0.05, ***p<0.001.
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eye screening, the ORs for the lower income classes in the first
year, compared to the reference value of the highest income
class (class 5), were statistically significant: class 1 exhibited an
OR of 0.73 (95% Cl, 0.60 to 0.89), class 2 displayed an OR of
0.75 (95% Cl, 0.61 to 0.92), class 3 had an OR of 0.65 (95% Cl,
0.53 to 0.80), and class 4 had an OR of 0.77 (95% Cl, 0.65 to
0.92). This trend persisted through the third year of follow-up.
For lipid screenings, the first-year results showed that class 1
had an OR of 0.84 (95% Cl, 0.73 to 0.98) and class 4 had an OR
of 0.88 (95% Cl, 0.77 to 1.00). In the subsequent year, class 1
had an OR of 0.80 (95% Cl, 0.68 to 0.94) and class 4 had an OR
of 0.85 (95% Cl, 0.74 to 0.99). By the third year, class 2 had an
OR of 0.85 (95% Cl, 0.73 to 1.00). These rates were all signifi-
cantly lower than those of the highest-income group.

DISCUSSION

These findings demonstrate that newly diagnosed patients
with T2D have shown less likely to take HbA1c test and diabet-
ic-related complication screenings. Moreover, economically
disadvantaged may receive inadequate diabetes care in early
stage of diagnosis despite universal health insurance cover-
age. In our study also have shown that individual with low in-
come levels with T2D were about 20-40% less likely to receive
the recommended diabetes check-ups. This may be because
of a lack of or inaccessibility of services as there is the substan-
tial out-of-pocket payments for the screenings remained even
if UHC existed. As of 2019, NHIS covered 97.4% of the Korean
population, while Medical Aid beneficiaries accounted for the
remaining 2.5% [25,26]. Except for those supported by Medi-
cal Aid, all beneficiaries of the NHI are required to pay monthly
premiums to the Health Security System. The beneficiaries are
also required to pay a certain portion of co-payment for the
health care costs that are covered by NHI for defined medical
treatments as well as for the treatments that are not defined in
the NHI-approved items, the patient has to pay 100% for the
treatment received directly to the hospital.

These low rate of HbA1c test or diabetic-related complica-
tion screenings among newly diagnosis patient with T2D were
similar to earlier studies identifying a relationship between fi-
nancial barriers and receiving screenings [27-29]. In Australia,
there was limited access and high out-of-pocket costs for medi-
cations and monitoring supplies that contribute to essential
diabetic cares [30]. Foot and dilated eye tests that are properly
taken were found to be less than recommended in particular,
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in poor people [31] due to the unaffordable co-payment, in
Canada. In addition, poor people receive laboratory tests through
the NHI program, reinforces the results of other studies that
showed financial barriers as one of the largest attributable fac-
tors in the under-utilization of essential diabetic care for T2D
treatment. Similar results in other countries with UHC like Tai-
wan indicate that disadvantaged diabetic patients are less
likely to access diabetic clinics for essential care such as glycat-
ed hemoglobin, LDL cholesterol, triglycerides, and retinopathy
diabetes clinics [29]. In France, about 1 in 10 participants were
reimbursed for an annual visit to a private endocrinologist; the
higher the income levels, the higher the frequency of visits to
private endocrinologists. Moreover, those in the lowest income
levels were less frequently reimbursed for annual visits to pri-
vate ophthalmologists and dentists [28]. This indicates that
poor diabetes patients may not receive adequate quality medi-
cal care to recover. Despite the UHG, it has been credited with
lowering financial barriers to medical care, many socioeco-
nomic barriers regarding screening for diabetic complications
still remain.

Earlier studies have also found that patient with a longer
duration of diabetes and who received medical care were more
likely to be screened with HbA1c test and diabetic-related
complication screenings or better adherence to the diabetes
cares [27,32]. Many studies have suggested that a lack of or in-
adequate knowledge regarding the necessity for those screen-
ing is the main barrier to receiving screening, and receiving di-
abetes education is associated with an increased screening
rate for diabetic screening tests in the early stage of disease
[33,34]. This was identifying a relationship between education
and health behavior in the self-management of chronic dis-
eases from earlier studies. Previous studies regarding diabetes
care also showed that lower education is associated with low-
er screening rates for retinopathy and nephropathy [27,34,35].
These low rate of diabetic screenings tests indicates that is
poor diabetes control among the T2D patients in early stage
of diagnosis [36], which may result delays in recognition and
identification of a worsening prognosis of diabetic complica-
tion. Thus, it suggests that education on the quality of diabe-
tes cares should be strengthened in the early stage of diagno-
sis to prevent development and aggravation of complications.
Physicians’ attitudes toward caring for T2D patients can be an-
other barrier, as some primary care physicians felt that the
guidelines for reaching the goals were not clear and relied on
their clinical experience when making decisions to screen
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[37,38]. Furthermore, they often faced administrative, time,
and information constraints. As preventive care is the corner-
stone of primary and secondary prevention of T2D complica-
tions, improving diabetes education for both patients and
providers in healthcare settings and establishing a system that
allows easy referrals to specialists may improve the utilization
of preventive services.

One limitation of this study is that changes in the income
status of the participants could not be incorporated into the
analysis. Future research should employ longitudinal data to
account for variations in income status over time within the
analytical model. Moreover, while the influence or pattern of
medical utilization may differ according to income status, this
study did not capture changes in groups over time, such as
those transitioning from higher to lower income brackets or
vice versa. Nevertheless, insurance premiums were calculated
based on monthly income, the study targeted individuals with
relatively stable employment to maximize data accuracy, and
a 3-year follow-up period after diagnosis was used to assess
changes in a complementary manner. As a second limitation,
the income levels of participants were determined based on
the income status in the NHIS-NSC2 data, which is inferred
from the premiums paid for insurance for the household. The
NHIS-NSC2 data did not provide the number of household
members, which precluded the determination of equalized
personal income, a measure obtained by dividing household
income by the number of household members. Finally, educa-
tion level is a major risk factor for diabetes and is closely asso-
ciated with income; this variable should be considered in fu-
ture studies. Despite these limitations, this study is valuable in
that it utilized cohort research data from the reliable NHIS-
NSC2 database to demonstrate the impact of income level on
the utilization of medical services by patients with T2D.

In summary, income disparity appear to predispose individ-
uals with diabetes toward receiving unequal diabetes care,
which includes delayed diagnosis and inadequate follow-up,
even in a nation with a comprehensive universal health insur-
ance system. This study indicates that the improvement of ac-
cess through comprehensive and UHC is merely a start toward
eliminating inequality in diabetes care. Moreover, the research
indicates that inequality could be exacerbated if initial pat-
terns of medical utilization become entrenched beyond newly
diagnosed patients. Among the various strategies aimed at re-
ducing income disparities in diabetes care, addressing finan-
cial burden, encouraging health literacy regarding diabetes,
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improving the role of primary care physicians, and strengthen-
ing the accountability of healthcare providers are essential to
ensure high-quality diabetes care.
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