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Abstract

Objective: The COVID-19 pandemic has been associated with worse outcomes for people with diabetes, including increased
mortality, while the long-term impact of the pandemic on diabetes prevalence is still underestimated. Thus, we aimed to analyze
long-term prevalence trends of type 2 diabetes in South Korea from 1998 to 2021, encompassing the before and during the

pandemic.

Methods: This study utilized data from the Korea National Health and Nutrition Examination Survey to investigate changes in
diabetes prevalence and associated factors from 1998 to 2021, including during the pandemic. We focused on adults aged 30
years and older and evaluated weighted odds ratios or weighted beta coefficients for these factors across various categories,
including age, sex, region of residence, education level, household income, smoking status, and body mass index group.

Results: From 1998 to 2021, the overall prevalence of diabetes increased from 5.61% (95% CI, 5.36-5.86) in 1998-2005 to
10.61% (95% CI, 9.50-11.72) in 2020 and 11.61% (95% CI, 10.36-12.86) in 2021, indicating no significant change due to
COVID-19 (Bdiff, 0.030; 95% CI, -0.039 to 0.099). Groups vulnerable to diabetes included older populations, male sex, rural
residents, those with lower education and income, smokers, and those who were obese or overweight.

Conclusions: Our study found a consistent increase in the prevalence of diabetes yearly, including during the pandemic, with
higher risks in older individuals, male sex, rural residents, those with lower education levels and lower household income levels,
smokers, and those who were overweight/obese.
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1. Introduction

The global crisis triggered by events such as the COVID-19 pandemic has placed significant
strains on healthcare systems.[1] The overwhelming demand for COVID-19 care has further
exacerbated these challenges, leading to capacity constraints in hospitals' ability to accommodate
non-COVID-19 patients.[2] This has resulted in shortages of healthcare personnel and increased
concerns among patients regarding the delivery of healthcare services.[3] Moreover, the
implementation of social distancing measures and lockdown policies has not only created
isolation among patients but has also led to decreased healthcare accessibility.[4] This has led to
a significant reduction in access to public health and healthcare services, especially for patients
who need to manage chronic conditions.[5] As healthcare facilities reach their capacity, the risk
of chronic disease increases, and the socioeconomic impact becomes more severe, the need for
alternative healthcare models is growing.[6-8] To this end, it is essential to comprehensively
understand the impact of the COVID-19 pandemic on various population groups and establish
policies tailored to each group.[9]

Empirical evidence from prior research highlights that the COVID-19 pandemic
disproportionately affected specific groups with poor socioeconomic status, such as the elderly
and ethnic minorities, as well as those with specific diseases.[10, 11] In particular, type 2 diabetes
is the most prevalent comorbidity associated with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection.[12] Individuals with diabetes have exhibited heightened mortality
rates upon contracting COVID-19 in comparison to those without the condition.[13] Additionally,
diabetes, being a chronic ailment, exhibits a consistent upward trajectory on a global scale and is
known to give rise to a multitude of complications.[14] Therefore, the enduring patterns in
diabetes must be comprehensively understood and the ramifications of the COVID-19 pandemic
must be evaluated, including the identification of populations susceptible to this disease.

Previous studies have established a link between diabetes and COVID-19, suggesting that
people with diabetes may have a higher risk of severe outcomes like complications and an
increased risk of death if they are infected with COVID-19; however, these studies were
constrained by limited sample sizes and restricted temporal scopes.[15, 16] To address these
limitations, our study delineated diabetes trends over a 24-year period, distinguishing between
the periods before (1998-2019) and during the pandemic (2020-2021). Ultimately, we aimed to
study trends in the prevalence of diabetes in South Korea over a long period of 24 years including
the COVID-19 pandemic, to identify potential risk factors and vulnerable populations associated
with diabetes.

2. Methods

2.1 Patient selection and data collection

Our study conducted a comprehensive analysis that incorporated various socioeconomic
variables. To accomplish this, we leveraged extensive national data from the Korea National
Health and Nutrition Examination Survey (KNHANES) conducted by the Korea Disease Control
and Prevention Agency (KDCA) between 1998 and 2021.[17, 18] The sampling frame of
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KNHANES utilized the most recent population and housing census data available at the time of
sampling design as the basic sampling frame to ensure that a representative sample is randomly
selected from the target population of people aged 1 year and older living in the Republic of
Korea. Our study participants were selected if they were aged >30 years based on criteria from
previous diabetes studies, and their information included age, sex, region of residence, body mass
index (BMI) group, education, smoking status, and household income.[19] To compare the
prevalence of type 2 diabetes both before and during the COVID-19 pandemic, a nationally
representative sample of 135,671 participants was selected. The survey spanned 24 years, with
participant counts per year grouped as follows: 62,163 in 1998-2005; 14,598 in 2007-2009;
15,610 in 2010-2012; 13,440 in 2013-2015; 20,601 in 2016-2019; 4,613 in 2020; and 4,646 in
2021 (Fig. S1). This grouping by year follows the sample design guidelines of KNHANES, which
was conducted by KCDA, with 2020 and 2021 set aside to further analyze the impact of the
COVID-19 pandemic.

The research protocol was approved by the Institutional Review Boards of the KDCA (2007-
02CON-04-P, 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C,
2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-035C) and by the local law of the Act
(Article 2, Paragraph 1) and Enforcement Regulation (Article 2, Paragraph 2, item 1) of Bioethics
and Safety Act, from Korean government. Written informed consent was obtained from all
participants prior to participation. In addition, KNHANES provides access to public data, which
can serve as a useful resource for a variety of epidemiologic studies. Furthermore, our study
involved human participants and was conducted in compliance with relevant

guidelines/regulations and the Declaration of Helsinki.

2.2 Ascertainment of diabetes

The primary goal of our study was to investigate the annual change in the prevalence of
diabetes over a period of 24 years, spanning from 1998 to 2021. Participants were asked a targeted
question associated with their history of diagnosed diabetes, specifically inquiring, “Have you
ever been diagnosed with diabetes by a doctor?”.[20] Based on their responses, we collected data

on various potential determinants associated with the development of diabetes.

2.3 Covariates

The covariates used in this study include age (30-39, 4049, 50-59 and >60 years), sex,
region of residence (urban and rural),[21] education level (elementary school or lower, middle
school, high school, and college or higher education), household income (lowest, second, third,
and highest quartile), smoking status (current, ex-, and non-smoker), and BMI group
(underweight, normal weight, overweight, and obese). BMI values were categorized into
underweight (<18.5 kg/m2), normal weight (18.5-22.9 kg/m?2), overweight (23-25 kg/m2), and
obese (=>25.0 kg/m2) categories according to Asian-Pacific guidelines.[22, 23] These covariates

were selected for determinants related to type 2 diabetes development.
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2.4 Statistical analyses

The results of our study were conveyed using quantitative data expressed as weighted
proportions with 95% confidence intervals (Cls) or crude numbers with percentages. To compare
and analyze the estimates of each related factor both before and during the COVID-19 pandemic,
weighted multivariate regression model analyses were conducted with weighted odds ratios (ORs)
and 95% Cls.[24, 25] In our cross-sectional study, we evaluated the prevalence of type 2 diabetes,
a binary dependent variable, using logistic regression. This method reliably converges by
maximizing the log-likelihood function, allowing us to simultaneously assess the impact of
multiple independent variables and adjust for confounding factors in a multivariate analysis. The
logistic regression model's advantages include its ability to adjust for confounding variables,
ensure convergence, provide intuitive interpretation, and avoid the issue of overdispersion when
using ORs. This approach enabled us to identify significant predictors and evaluate trends in
diabetes prevalence at a specific time point.[26, 27] The prevalence of diabetes was calculated
by analyzing data from the KNHANES from 1998 to 2021 and categorizing the data by year. To
ensure a precise estimation, a weighted complex sampling analysis was utilized. Linear
regression and binary logistic regression models were used to calculate the ORs with 95% ClIs or
B-coefficients with 95% CIs. To enhance the reliability of the findings, stratification analysis was
conducted, accounting for variables such as age, sex, region of residence, education, household
income, smoking status, and BMI in all regression models. Moreover, the ratio of ORs (RORs)
was calculated to estimate the interaction term of each risk factor and identify groups that were
more vulnerable to diabetes for each variable.[28] Overall, this approach aimed to provide a
comprehensive and robust assessment of the impact of the COVID-19 pandemic on the
prevalence of diabetes and identify the factors that contribute to vulnerability to these conditions.

The KNHANES data is designed with a rolling sampling method to ensure similarity across
samples in each wave. This approach compensates for the limited sample size of annual data by
combining data from multiple waves. Default weights, considering factors such as the survey
year, region, and variables, are initially set. These weights are then adjusted to reflect both the
sampling rate and the response rate. Subsequently, the weights are calibrated against the total
number of households and the population. This calibration enhances the accuracy and
representativeness of the estimates concerning the population's health behaviors and the
prevalence of chronic diseases. For this study, sample weights were derived by multiplying the
default weights by the proportion of the survey population in each year, effectively compensating
for any differences in the timing of sampling and survey. For statistical analyses, our study used
SAS software (version 9.4; SAS Institute, Cary, NC, USA), with a two-sided test, and a P-value

<0.05 was considered statistically significant.[25]

3. Results
From 1998 to 2021, a total of 231,264 participants took part in the KNHANES surveys.

However, based on the cohort age criteria of many previous studies on type 2 diabetes, this study

excluded individuals aged 0-29 years from the cohort. [29, 30] We further excluded missing
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values for household income and weights, resulting in 135,671 individuals included in the final
study, with the following distribution of characteristics: age (30-39 years, 24.20% [95% CI,
23.98-24.43]; 4049 years, 23.87% [95% CI, 23.64-24.10]; 50-59 years, 19.89% [95% ClI,
19.68-20.11]; and >60 years, 32.03% [95% CI, 31.78-32.28]) and sex (male, 44.84% [95% CI,
44.57-45.10] and female, 55.16% [95% CI, 54.90-55.43]). The baseline characteristics of the

study population in terms of both crude and weighted rates are presented in Table 1.

Table 1. Crude and weighted characteristics of Korean adults based on data obtained from the KNHANES from 1998 to
2021 (n=135,671)

Total 1998-2005 2007-2009 2010-2012 2013-2015 20162019 2020 2021
Overall, n (%) 135,671 62,163 14,598 15,610 13,440 20,601 4,613 4,646
Crude rate, n
(%)
Age (years), n
(%)
30-39 32,839 18,637 3,425 3,280 2,489 3,653 732 623
(24.20) (13.74) (2.52) (2.42) (1.83) (2.69) (0.54) (0.46)
4049 32,387 17,034 3,328 3,139 2,768 4,294 914 910
(23.87) (12.56) (2.45) (2.31) (2.04) (3.17) (0.67) (0.67)
50-59 26,991 11,341 2,817 3,382 3,016 4,458 1,011 966
(19.89) (8.36) (2.08) (2.49) (2.22) (3.29) (0.75) (0.71)
60 43,454 15,151 5,028 5,809 5,167 8,196 1,956 2,147
- (32.03) (11.17) (3.7 (4.28) (3.81) (6.04) (1.44) (1.58)
Sex, n (%)
Male 60,834 29,422 6,174 6,648 5,633 8,892 2,041 2,024
(44.84) (21.69) (4.55) (4.90) (4.15) (6.55) (1.50) (1.49)
Female 74,837 32,741 8,424 8,962 7,807 11,709 2,572 2,622
(55.16) (24.13) (6.21) (6.61) (5.75) (8.63) (1.90) (1.93)
Region of
residence, n
(%)
Urban 101,925 44,906 10,449 12,147 10,718 16,524 3,640 3,541
(75.13) (33.10) (7.70) (8.95) (7.90) (12.18) (2.68) (2.61)
Rural 33,746 17,257 4,149 3,463 2,722 4,077 973 1,105
(24.87) (12.72) (3.06) (2.55) (2.01) (3.01) (0.72) (0.81)
BMI group, n
(%)
Underweight 3,048 (2.25) 610 (0.45) (3.159) 535(0.39) (3.2) (3397) (3.31%) ((;61‘;)
Normal 33,856 6,436 5,518 6,040 5,097 7,621 1,560 1,584
weight (24.95) (4.74) (4.07) (4.45) (3.76) (5.62) (1.15) (1.17)
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Table 1. Continued

Total 1998-2005 2007-2009 2010-2012 2013-2015 2016-2019 2020 2021
Overweicht 21,881 4,103 3,616 3,794 3,312 4,894 1,075 1,087
£ (16.13) (3.02) (2.67) (2.80) (2.44) (3.61) (0.79) (0.80)
Obese 30,692 5,191 4,854 5,181 4,576 7,370 1,784 1,736
(22.62) (3.83) (3.58) (3.82) (3.37) (5.43) (1.31) (1.28)
Unknown 46,194 45,823 85 60 12 77 62 75
(34.05) (33.78) (0.06) (0.04) (0.01) (0.06) (0.05) (0.06)
Education, n
(%)
Elementary
school or 36,268 18,584 4,519 4,157 3,214 4,138 766 890
lower (26.73) (13.70) (3.33) (3.06) (2.37) (3.05) (0.56) (0.66)
education
Middle 18,437 9,216 1,953 2,020 1,727 2,436 551 534
school (13.59) (6.79) (1.44) (1.49) (1.27) (1.80) (0.41) (0.39)
Hieh school 43,008 21,334 4,397 4,628 4,014 5,903 1,375 1,357
& (31.70) (15.72) (3.24) (3.41) (2.96) (4.35) (1.01) (1.00)
Cﬁllf;hgei of 37958 13,029 3,729 4,805 4,485 8,124 1,921 1,865
. 27. . 2. .54 31 . 1.42 1.
education (27.98) (9.60) (2.75) (3.54) (3.31) (5.99) ( ) (1.37)
Smoking
status, n (%)
Current 18,860 5,987 3,094 3,116 1,686 3,533 744 700
smoker (13.90) (4.41) (2.28) (2.30) (1.24) (2.60) (0.55) (0.52)
18,640 2,440 2,973 3,331 2,811 4,777 1,140 1,168
Ex-smoker
(13.74) (1.80) (2.19) (2.46) (2.07) (3.52) (0.84) (0.86)
Non-smoker 54,722 11,047 8,524 9,163 8,190 12,291 2,729 2,778
(40.33) (8.14) (6.28) (6.75) (6.04) (9.06) (2.01) (2.05)
43,449 42,689 7 753
Unknown (32.03) (31.47) 0.01) N/A (0.56) N/A N/A N/A
Household
income, n (%)
Lowest 30,305 14,911 3,327 3,296 2,799 4,164 857 951
quartile (22.34) (10.99) (2.45) (2.43) (2.06) (3.07) (0.63) (0.70)
Second 33,777 15,336 3,628 4,043 3,388 5,135 1,111 1,136
quartile (24.90) (11.30) (2.67) (2.98) (2.50) (3.78) (0.82) (0.84)
Third quartile 35,646 16,109 3,821 4,126 3,591 5,472 1,274 1,253
d (26.27) (11.87) (2.82) (3.04) (2.65) (4.03) (0.94) (0.92)
Highest 35,943 15,807 3,822 4,145 3,662 5,830 1,371 1,306
quartile (26.49) (11.65) (2.82) (3.06) (2.70) (4.30) (1.01) (0.96)
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Table 1. Continued

Total 1998-2005 2007-2009 2010-2012 2013-2015 2016-2019 2020 2021
Weighted rate
95% CI)
Age (years),
weighted %
(95% CI)
31.03 25.87
30-39 25.68 (25.19 (30.18 to 28.07 (26.59 (24.57 to 23.62 (22.29 21.69 (20.56 20.83 (18.47 19.98 (17.91
to 26.18) 31.87) to 29.54) 27.18) to 24.94) to 22.83) to 23.20) to 22.05)
28.93 26.95
4049 26.50 (26.09 (28.25 to 28.23 (27.02 (2573 to 25.51 (24.41 24.48 (23.54 23.74 (21.67 22.94 (20.94
to 26.92) 29.61) to 29.44) 28.16) to 26.62) to 25.43) to 25.81) to 24.94)
17.63 22.56
50-59 21.75 (21.37 (1711 to 20.48 (19.52 (21.52 10 24.10 (23.03 24.21 (23.34 24.65(22.68 23.37 (21.34
to 22.12) 18.15) to 21.44) 23.60) to 25.17) to 25.08) t0 26.63) to 25.40)
22.42 24.62
60 26.07 (25.63 (21.77 to 23.22(22.13 23 562 o 26.77 (25.58 29.61 (28.41 30.77 (28.08 33.71 (31.13
to 26.51) 23.07) to 24.31) 25.73) to 27.95) to 30.81) to 33.47) to 36.30)
Sex,
weighted %
(95% CI)
Male 48.62 (48.36 (428(.)3;{0 49.06 (48.34 (44}78'9668t0 47.85(47.08 48.78 (48.16 49.55 (48.36 49.36 (47.94
to 48.88) 48.62) to 49.79) 49.40) to 48.63) t0 49.41) to 50.73) to 50.78)
51.68 51.32
Female 51.38 (51.13 (51.38 to 50.94 (50.21 (50.60 to 52.15(51.37 51.22(50.59 50.45 (49.27 50.64 (49.22
to 51.64) 51.97) to 51.66) 52.04) to 52.93) to 51.84) to 51.64) to 52.06)
Region of
residence,
weighted %
(95% CI)
Urban 80.91 (79.87 (7;9&522‘[0 79.05 (75.82 (718'9%4t0 81.49 (78.46 83.83 (81.27 84.07 (78.73 82.65 (77.26
to 81.96) 80.33) to 82.28) 81.79) to 84.51) to 86.38) to 89.41) to 88.04)
Rural 19.09 (18.04 (12906"‘78'[0 20.95 (17.72 (1281;16“) 18.51 (15.49 16.17 (13.62 15.93 (10.59 17.35(11.96
to 20.13) 21.28) to 24.18) 25.10) to 21.54) to 18.73) to 21.27) to 22.74)
BMI group,
weighted %
(95% CI)
Underweisht 2.58 (246to 0.82(0.70 3.37(3.04to 3.22(2.86 3.21(2.86to 3.11(2.83to 2.90 (2.24 to 3.38 (2.75 to
& 2.70) to 0.94) 3.71) to 3.58) 3.55) 3.39) 3.57) 4.01)
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Table 1. Continued

Total 1998-2005 2007-2009 2010-2012 2013-2015 2016-2019 2020 2021
Normal 29.39 9.00 37.04 37.50 37.87 36.45 32.51 34.49
weight (28.98 to (8.17 to (36.09t0  (3648to  (3691to (35.62 to (30.82 to (32.74 to
£ 29.80) 9.82) 37.99) 38.51) 38.84) 37.27) 34.20) 36.24)
19.42 6.17 25.00 24.28 24.47 23.81 23.87 22.07
Overweight  (19.10 to (5.59 to (24.19t0  (2342to  (23.63to (23.10 to (22.38 to (20.57 to
19.74) 6.74) 25.80) 25.14) 25.31) 24.51) 25.36) 23.56)
28.40 8.06 34.02 34.55 34.37 36.29 39.54 38.76
Obese (28.00 to (7.30 to (33.06to  (33.54to  (33.44to (35.45 to (37.82 to (36.91 to
28.79) 8.81) 34.97) 35.56) 35.30) 37.12) 41.27) 40.62)
20.22 75.96 0.58 0.45 0.09 0.35 1.18 1.30
Unknown (19.58 to (73.85 to (0.40 to (0.30 to (0.02 to (0.25 to (0.83 to (0.91 to
20.85) 78.07) 0.75) 0.61) 0.15) 0.46) 1.52) 1.68)
Education,
weighted %
(95% CI)
Eﬁ‘gz?t;ry 19.62 25.15 22.95 20.95 18.11 14.90 11.42 12.48
lower (19.21to  (2436to  (21.79to (19.83t0  (17.02to (14.02 to (9.62 to (10.60 to
education 20.03) 25.95) 24.11) 22.07) 19.20) 15.79) 13.22) 14.37)
Middle 11.83 13.74 12.97 12.43 11.24 10.18 9.33 8.94
school (11.57t0  (13.28to  (12.23 to (11.71to  (10.55to (9.60 to (8.10 to (7.79 to
12.09) 14.21) 13.71) 13.15) 11.93) 10.77) 10.56) 10.09)
33.18 36.81 33.85 33.09 32.18 30.14 31.29 31.02
High school  (32.75 to (36.07t0  (32.63to (3190to  (31.00 to (29.16 to (29.13 to (29.00 to
33.62) 37.56) 35.08) 34.29) 33.36) 31.11) 33.44) 33.04)
College or 35.37 24.29 30.23 33.53 38.48 44.78 47.96 47.56
higher (34.75 to (23.36t0  (28.65to (31.99to  (36.90 to (43.21 to (44.36 to (44.31 to
education 35.98) 25.21) 31.81) 35.006) 40.05) 46.35) 51.56) 50.80)
Smoking
status,
weighted %
(95% CI)
Current 17.84 8.98 25.63 25.71 15.37 20.33 18.71 17.29
smoker (17.46 to (8.16 to (24.80 to (24.75t0  (14.24to (19.55 to (17.11 to (15.77 to
18.23) 9.79) 26.46) 26.68) 16.51) 21.10) 20.30) 18.82)
18.07 4.52 21.49 21.31 21.32 23.98 25.95 26.99
Ex-smoker (17.78 to (4.04 to (20.75 to (20.52t0  (20.53 to (23.33 to (24.64 to (25.47 to
18.37) 5.00) 22.24) 22.10) 22.10) 24.63) 27.25) 28.50)
45.01 17.42 52.82 52.98 56.38 55.69 55.35 55.72
Non-smoker  (44.49 to (15.89t0 (51.98to (52.11to  (55.53to (54.93 to (53.77 to (53.81to
45.53) 18.95) 53.67) 53.85) 57.24) 56.46) 56.93) 57.63)
https://doi.org/10.54724/Ic.2024.e7 8/ 20
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Table 1. Continued

Total  1998-2005 2007-2009 2010-2012 2013-2015 20162019 2020 2021
19.07 69.08 0.05 6.92
Unknown  (1830to  (66.40to (0.0 to N/A (5.93 to N/A N/A N/A
19.84) 71.77) 0.11) 7.91)
Household
income,
weighted %
(95% CI)
Lowest 18.06 22.69 17.26 17.50 16.55 16.12 14.50 14.27
o (17.61t0  (21.80t0  (16.08t0  (1637t0 (1537t0  (15.12t0  (1221to (1231 to
9 18.50) 23.59) 18.43) 18.62) 17.72) 17.11) 16.79) 16.22)
Second 24.86 24.90 24.75 27.51 24.45 24.28 22.34 23.68
ue:r‘t)ﬂe (441to  (24.14t0 (23.50t0  (26.18t0 (2321to  (2326t0  (20.16t0  (21.51 to
q 25.32) 25.66) 26.00) 28.84) 25.69) 25.29) 24.53) 25.84)
28.10 26.03 28.53 28.11 29.20 28.75 29.40 30.22
Third quartile (27.64to  (2531to (2727t (2694t0 (2783to  (27.74to  (27.13to  (28.08to
28.55) 26.75) 29.79) 29.29) 30.58) 29.77) 31.67) 32.35)
Hishest 28.98 26.38 29.46 26.88 29.80 30.86 33.76 31.84
. agrtﬂe (2835t0  (2534t0 (27.62t0  (25.44t0 (28.04to  (2936t0  (30.23to  (28.26 to
1 29.62) 27.41) 31.31) 28.32) 31.57) 32.35) 37.28) 35.42)

Abbreviations: BMI, body mass index; CI, confidence interval; KNHANES, Korea National Health and Nutrition
Examination Survey.

* According to Asian-Pacific guidelines, BMI is divided into four groups: underweight (<18.5 kg/m?), normal (18.5-22.9
kg/m?),
overweight (23.0-24.9 kg/m?), and obese (>25 kg/m?).

Table 2 and Fig. 1 display the diabetes prevalence data along with supplementary data
comparing the periods before and during the pandemic from 1998 to 2021. The number of
patients diagnosed with diabetes consistently increased overall from 5.61% (95% CI, 5.36-5.86)
in 1998-2005 to 10.61% (95% CI, 9.50-11.72) in 2020 and 11.61% (95% CI, 10.36-12.86) in
2021. However, the trend in diabetes prevalence did not increase significantly before and during
the pandemic (0.084 [95% CI, 0.069—0.098] and 0.114 [95% CI, 0.046-0.181], respectively).

Table 2. National trends in the prevalence of diabetes and B-coefficients of odds ratios before and during the COVID-19 pandemic
(weighted % [95% CI]) based on data obtained from the KNHANES

Before the pandemic During the Trends Tl.rends Bdiff between
pandemic before the during the
Year andemic pandemic 1998-2019 and
1998 2007- 2010-  2013- 2016~ 0.0 oo efa B (05%% p cra, B 2019-2021
2005 2009 2012 2015 2019 ’ ’ ’ (95% CI)

Ch)  (95%CI)
561 737 175 8.54 934 1061 11.61  0.084 0.114
Overall  (5.36t0 (6.87t0 (7.25t0 (7.98t0 (8.82t0 (9.50to0 (10.36t0 (0.069 to  (0.046 to
586) 7.87)  824)  9.10) 985 11.72) 12.86)  0.098)  0.181)

0.030 (-0.039 to
0.099)
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Table 2. Continued

Before the pandemic During tbe Trends Tr.ends Bdiff between
pandemic before the during the
Year andemic pandemic 1998-2019 and
1998— 2007- 2010—-  2013- 2016 2020 021 eIr)a B (95% P era, B 2019-2021
] Y > o
2005 2009 2012 2015 2019 N (95% CI) (95% CI)
Age group
0.86 1.13 1.06 1.01 0.89 1.67 2.00 -0.001 0.056 0.056 (-0.007 to
30-39  (0.67to (0.76to (0.64to (0.60to (0.54to (0.48to (0.76to (-0.011to (-0.008 to 0.120)
1.05) 1.50) 1.47) 1.41) 1.24)  2.85) 3.24) 0.009) 0.119) ]
3.20 3.84 3.25 3.83 3.68 4.59 5.56 0.008 0.094 0.086 (-0.008 to
4049 (2.87to (3.10to (2.50t0 (3.03to (297to (2.90to (3.83t0o (-0.012to  (0.003 to 0.179)
3.54) 4.58)  4.00) 4.64) 4.39) 6.27) 7.29) 0.028) 0.185) )
8.48 9.43 9.63 7.75 9.50 11.31 11.36 0.001 0.093 0.092 (-0.042 to
50-59 (7.80to (8.22to (8.48to (6.67to (8.52t0 (9.02to (8.96to (-0.031to (-0.037 to 0.227)
9.16) 10.63) 10.77) 8.82) 10.47) 13.61) 13.76) 0.033) 0.224) ]
(1132'(;% (1176'41(; 17.98 20.38 20.07 (21(;771 21.59 0.156 0.076 20.079 (:0.200
>60 tc; t(; (16.86 to (18.98 to (19.00 to ) (19.56to  (0.122to  (-0.039 to .to 0 041')
19.1 21. 21.14 23.62 1 192 '
13.74) 18.64) 2-10) 78) ) 22.73) 3:62) 0-190) 0.192)
Sex
6.00 7.85 8.29 9.29 10.05 11.61 13.67 0.093 0.181
. . . . . 0. . . . . 0,020t
Male (5.66t0 (7.10to (7.53t0 (8.44to (9.33to (10.03 (11.63to (0.072to (0.07 5to 0 0890(1880) 010
6.35) 8.59) 9.05) 10.13)  10.77) 13.20) 15.71) 0.113) 0.288) '
5.24 6.91 7.23 7.85 8.66 9.62 9.60 0.075 0.047 0.029 (-0.108
Female (4.90to (6.27to (6.56t0 (7.14to (8.04to (8.31to (8.20to (0.057to (-0.031to .to 0 OSi)
5.57) 1.55) 7.90) 8.55) 9.28) 10.93) 10.99) 0.094) 0.124) )
Region of
residence
5.33 7.22 7.33 8.45 8.64 10.41 10.75 0.075 0.105 0.031 (-0.043 to
Urban (5.05to (6.65t0 (6.78to (7.83t0 (8.10to (9.19t0 (9.42to (0.059to (0.034to 0 10'4)
5.60) 7.80) 7.88) 9.07) 9.18) 11.63) 12.09) 0.091) 0.177) )
6.70 7.93 9.26 8.91 1295 11.63  15.68 0.135 0.141 0.006 (-0.167 to
Rural  (6.12to (6.88to (8.14to (7.54t0 (11.46to (9.38to (12.70to (0.097 to (-0.027to 0 17'9)
7.28) 898) 10.39) 10.29) 14.45) 13.87) 18.66) 0.173) 0.310) ]
Education
sclfcl)lo%hor 9.18 (1121'72 14.05 16.12 18.99 (21197119 21.81 0.228 0.143 0.085 (-0.222
lower (8.69 to (13.00to (14.82to (17.84 to ) (19.37to (0.198to  (0.010 to .to 0 052')
education 9.66) 13.72) 15.10) 17.41)  20.14) 24.22) 24.26) 0.259) 0.277)
College or  3.33 4.37 4.59 5.39 6.10 7.70 8.83 0.065 0.136 0.071 (0.001 to
higher  (3.08t0 (3.87to (4.09t0 (4.88t0 (5.65t0 (6.56t0 (7.53to (0.051to (0.068 to 0 14'0)
education  3.58) 4.87) 5.09) 5.90) 6.56) 8.84) 10.12) 0.079) 0.204) )
Household
income
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Table 2. Continued
Before the pandemic During tbe Trends Tr'ends Bdiff between
pandemic before the during the
Year andemic pandemic 1998-2019 and
1998~ 2007- 2010- 2013~ 2016~ . o e‘;’a 5 0501 P wap 20192021
2005 2009 2012 2015 2019 ’ ° ’ (95% CI)

Ch)  (95%CI)
14.83

Lowestand 7.14 10.57 10.28 12.87 13.43 (13.08 16.85 0.146 0.171
second (6.75to (9.68to (9.53to (11.88to (12.58 to ) (15.12to (0.122to  (0.074 to

quartile  7.53) 11.45) 11.03) 1385) 1427) 6‘;8) 18.58)  0.169)  0.268)

Third and  4.21 5.06 5.67 5.53 6.57 8.14 8.40 0.051 0.091
highest (3.93to (4.50to (5.08t0 (4.96t0 (6.05t0 (6.93to (7.04to (0.035to (0.019 to

quartile 449) 5.62) 6.26) 6.11) 7.08) 9.36) 9.76) 0.066) 0.163)
Smoking

0.026 (-0.075 to
0.126)

0.040 (-0.034 to
0.114)

status
656 762 852 921  10.13 1124 13.88  0.084 0.188
104 (0.
S;‘rsr;rgkﬁd (58510 (6.87t0 (7730 (82810 (93910 (9.59t0 (11.86t0 (0.056t0 (0.081t0 O 0(2(1) 40)07 o
727)  838)  931)  10.13) 10.87) 12.88) 15.89)  0.112)  0.295) '
546 715 707 815 871 1010 981 0.076 0.054
Non- -0.022 (-0.105
smc?l?er (519t0 (649t0 (6.42t0 (749t (8.08t0 (8.81t0 (8.32t0 (0.060to (-0.027 to toogsl)
572)  7.81)  771)  881) 933 1138) 1130)  0.092)  0.136) '
BMI group
704 918 881 1014 11390 % g319 o087 0.090
O()Vre;;":;fht (63310 (84910 (81710 (93810 (107010 O (114810 (0.060t0 (-0.00210 003 (009210

0.098)

776)  987)  946) 1089 1209 i 1489 0.113)  0I81)

537 477 6.23 6.25 6.24 8.29 9.16 0.030 0.146
Underweight (5.10to (4.17to (5.49to (5.54to (5.66to (6.79to (7.47to (0.015to (0.056 to
ornormal  5.64) 536) 6.96) 6.96) 6.82) 9.78) 10.85) 0.045) 0.235)

Abbreviations: BMI, body mass index; CI, confidence interval, KNHANES, Korea National Health and Nutrition
Examination Survey.

The numbers in bold indicate a significant difference (p<0.05).
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Fig. 2. Nationwide trends in type 2 diabetes prevalence over 24 years among 135,671 Korean adults, stratified by various demographic
groups, 1998-2021
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Table 3 shows the pandemic-related factors in vulnerable groups of patients with diabetes.
Using the 30-39-year age group as a reference, the overall ORs (95% CI) in each age group were
as follows: 4049 years, 3.67 (95% CI, 3.12—4.32); 50-59 years, 9.76 (95% CI, 8.41-11.34); and
>60 years, 21.05 (95% CI, 18.21-24.34). In terms of region of residence, rural arecas were
associated with an OR of 1.43 (95% CI, 1.33-1.53) compared to urban areas. In terms of
education level, individuals with a high school or lower education demonstrated an OR of 3.03
(95% CI, 2.88-3.18) compared to those with college or higher education. Regarding household
income, the lowest and second quartiles were associated with an OR 0f2.10 (95% CI: 2.00-2.21)
compared to the third and highest quartiles. When examining lifestyle factors such as smoking
status and BMI group, current and ex-smokers had an OR of 1.97 (95% CI,1.88-2.08) compared
to non-smokers, while individuals classified as overweight or obese based on BMI had an OR of
2.75 (95% CI, 2.62-2.88) compared to those classified as underweight or having a normal BMI.
Furthermore, upon examining changes in each factor before and during the pandemic, we found
that the difference in diabetes prevalence between the overweight/obese and normal/underweight
groups was significantly reduced during the pandemic compared to before the pandemic, with a
difference of 0.82 (95% CI, 0.69-0.96).

Table 3. Differences in diabetes prevalence before and during the COVID-19 (weighted % [95% CI]) based on data obtained from the
KNHANES

] o
Before the During the R;t;(znoft(;?s afije/rong)
Overall (1998-2021)  pandemic (1998~  pandemic (2020— armg tie p
2019) 2021 compared to before the
Variables pandemic (reference)
Weighted Weighted Weighted Weighted
OR (95%  P-value OR (95% P-value OR (95% P-value ratioof ORs P-value
CD CD CI) (95% CI)
Diabetes
30-39 1.00 (ref) 1.00 (ref) 1.00 (ref)
3.75 3.14
40-49 3;(6)7 4(:‘:"21)2 <.001 (3.17 to <.001 (1.86 to <.001 0'841 (2'5‘;8 o 0.528
) 4.43) 5.32) ]
Age 10.10 7.15
. 41 71 (0.4
(years) 50-59 9to7i1(§ 4) <.001 (8.66 to <.001 (4.42 to <.001 0.7 1(?7)3 o 0.180
) 11.78) 11.56) ]
21.05 21.77 14.91
0.69 (0.42 t
>60 (18.21 to <.001 (18.75t0 <.001 (9.31 to <.001 1(1 2) ° 0133
24.34) 25.28) 23.88) )
Female 1.00 (ref) 1.00 (ref) 1.00 (ref)
1.10 1.25
Sex 1.12 (1. 1.14 (0.98 t
Male to 1( 1 8(;7 <.001 (1.05 to <.001 (1.09 to 0.002 1(3 19)8 © 0.083
) 1.16) 1.43) )
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Table 3. Continued

] o,
Before the During the R(?tlr?n()ft(;?s afije/ron?cl)
Overall (1998-2021)  pandemic (1998~  pandemic (2020~ armgtie p
2019) 2021 compared to before the
Variables pandemic (reference)
Weighted Weighted Weighted Weighted
OR (95%  P-value OR (95% P-value OR (95% P-value ratioof ORs P-value
CDh CDh CDh (95% CI)
Urban 1.00 (ref) 1.00 (ref) 1.00 (ref)
Region of 1.42 1.55
: 1.43 (1. 1. .
residence Rural t031(533;3 <.001 (1.32t0  <.001 (126t0  <.001 091 (;) 65;8 o 0.437
) 1.53) 1.91) )
College or
higher 1.00 (ref) 1.00 (ref) 1.00 (ref)
Education education
level High school 3.16 3.16
or lower 3;?)33?;;8 <001 (299t <001 (271t0 <001 1'001 (?;;5 © 0.999
education ’ 3.33) 3.68) '
Third and
highest
quartile 1.00 (ref) 1.00 (ref) 1.00 (ref)
Household income
income Lowest and
2.12 2.27
2.10 (2. 1. 93 t
Sz;;?li moz(z 1‘;0 <001 (2.01to <.001 (1.98t0 <001 071 (g 49)3 ° 0358
d ' 2.23) 2.60) '
income
Non-smoker  1.00 (ref) 1.00 (ref) 1.00 (ref)
Smoking 1.95 1.80
1.97 (1. .92 (0.
status i‘iﬁﬁ:ﬁ t?)72(08§8 <001  (185to <001 (1.56t0 <001 O 1(377)9 © 297
) 2.06) 2.07) )
Underweight - ) o) 1.00 (ref) 1.00 (ref)
BMI or normal
2.74 2.23
igh 2.75 (2.62 .82 (0.
group O(V)frovl::lsge t J,Sz(s st; <001  @6lto <001 (191to <001 8 0(3 6‘;9 015
) 2.88) 2.61) )

Abbreviations: BMI, body mass index; CI, confidence interval; KNHANES, Korea National Health and Nutrition
Examination Survey; OR, odds ratio.
The numbers in bold indicate significant differences (p<0.05).

As a result, elderly individuals, male sex, those residing in rural areas, those with lower
education levels and income levels, current and ex-smokers, and individuals classified as being
overweight or obese based on BMI were more vulnerable to diabetes. However, the vulnerability
profiles of these groups did not change significantly before or during the pandemic. The results

of a more detailed analysis by year are presented in Table S1.
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4. Discussion

4.1 Key findings

We analyzed the trends in diabetes prevalence before and during the COVID-19 pandemic
using data from the KNHANES database, a nationally representative survey of over 130,000
South Koreans conducted over a 24-year period from 1998 to 2021. During the entire study period,
including the COVID-19 pandemic, a steady increase in diabetes prevalence was observed each
year. Older age, male sex, rural residence, lower education, low economic status, smoking, and
overweight or obesity were risk factors for diabetes. When comparing prevalence trends before
and during the pandemic, we found a slight increase in the overall prevalence slope during the
pandemic compared to before the pandemic, although this was not statistically significant.
However, in BMI groups, there was a decrease in the difference in diabetes prevalence between
the overweight/obese group and the normal/underweight group during the pandemic compared

to before the pandemic.

4.2 Plausible underlying mechanisms

Over the 24-year period from 1998 to 2021, we observed a consistent and striking trend: the
prevalence of diabetes has more than doubled. Furthermore, during the COVID-19 pandemic,
certain demographic groups were identified as particularly vulnerable to diabetes. These groups
included older individuals, male sex, rural residents, individuals with lower educational levels,
those with reduced household incomes, smokers, and individuals classified as obese or
overweight based on their BMI. This finding suggests that segments of the population with
limited healthcare access may face increasing challenges during the pandemic.[31]

The rising prevalence of diabetes with increasing age underscores the likelihood of continued
increases in the prevalence of diabetes as we enter an aging era. Additionally, diabetes is
influenced by an array of factors, including dietary habits and physical activity levels.[32, 33]
Studies have demonstrated that unhealthy dietary habits and sedentary lifestyles significantly
impact diabetes prevalence.[34, 35] Diverse dietary patterns, characterized by a focus on high-
sodium and high-fat foods, coupled with a lack of physical activity in past Korean society, have
contributed to a yearly increase in the proportion of individuals classified as overweight or
obese.[36-38] Given the substantial influence of obesity rates on diabetes, it is imperative to
enhance individual awareness regarding dietary habits and exercise.[39]

Another finding of our study was that the difference in diabetes prevalence rates between the
overweight/obese and normal/underweight groups decreased during the pandemic compared to
before the pandemic. The decrease in the diabetes prevalence odds ratio for the overweight/obese
population during the pandemic may be due to a decrease in visits to healthcare facilities, which
may have resulted in inadequate diabetes screening.[40] This is likely because lifestyle changes
due to the pandemic led to reduced physical activity and changes in health behaviors, which may
have been a major factor in reducing the disparity in diabetes prevalence between
overweight/obese and normal/underweight populations.[41] These findings have important

implications for planning public health strategies and preventive measures.
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4.3 Limitations

Our study had several limitations. Firstly, diabetes is a disease that is related to various
lifestyle factors, including exercise. However, due to the lack of exercise data from 1998 to 2004,
we were unable to consider exercise as a factor in our study. To overcome this limitation, we
included other lifestyle-related factors such as BMI and smoking in our analysis. In future studies,
adding exercise-related factors will help elucidate these relationships and develop better
measures for diabetes management and prevention. Second, after the pandemic, many patients
were reluctant to visit the hospital due to concerns about infection, which may have led to an
underestimation of cases associated with diabetes. Third, the data in our study depended on self-
reported data, which could have introduced recall and social biases. Fourth, our study studied
trends in diabetes prevalence over the past 24 years, including the COVID-19 pandemic, to
identify populations vulnerable to diabetes, but could not accurately find the logical link between
COVID-19 and diabetes. Nevertheless, the finding that diabetes prevalence did not change
significantly in South Korea during the COVID-19 pandemic may provide important baseline
data for assessing the impact of the pandemic on chronic disease prevalence. Our results can
guide future research by analyzing the effectiveness of healthcare policies and suggesting specific
directions for the development and strengthening of chronic disease management strategies. This
information is valuable not only for understanding the implications of Type 2 diabetes but also
for informing broader public health response and management strategies. Fifth, these data
involved only South Korean populations, which may limit the generalizability of our findings on
diabetes prevalence to global populations. Further studies involving multiple ethnicities and
countries are required to overcome these limitations. Finally, our study was set as a cohort of
people over 30 years old, which is the standard age for diabetes in adults in many existing studies,
excluding the population aged 0-29 years. Although our study focuses on type 2 diabetes, this
age limitation may limit our understanding of the full spectrum of diabetes, including early-stage
diabetes onset and pre-diabetes. Therefore, there may be limitations in missing information on
changes in diabetes prevalence and prevention strategies, especially among young people. In
addition, missing values in household income and weighted value were additionally excluded,
resulting in a final study population of 135,671 people. As a result, we excluded only 0.07% as
missing during the data preprocessing process for the final analysis, but there is a possibility that
deviations may occur due to this.

Despite these limitations, the strength of our study lies in the use of a large, nationally
representative data spanning 24 years to monitor diabetes trends. We meticulously analyzed
variations across diverse demographic groups, both before and during the COVID-19 pandemic.
This approach will enable the development of tailored policies for diabetes management and
prevention that account for factors such as age, sex, education, income, and region of origin.
Furthermore, our findings provided insights into how diabetes prevalence evolves during global

crises such as the COVID-19 pandemic, informing response and prevention strategies.[42]

4.4 Clinical and policy implications

According to our study, over time, vulnerable groups in terms of medical access, such as rural
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residents, those with lower education levels, and those with lower household incomes, are at risk
of diabetes due to insufficient diagnosis. Therefore, the government should formulate relevant
policies to address these needs. Additionally, lifestyle factors, such as smoking status and obesity,
have a negative impact on the prevalence of diabetes. Consequently, strategies to improve these
factors are necessary to reduce the prevalence of diabetes. Finally, many people tend to avoid
healthcare visits for fear of infection during the pandemic. This, coupled with a reduction in
outside activity, makes it difficult to get an accurate disease diagnosis. Therefore, adequate
countermeasures are needed to address these concerns during the pandemic, to ensure that
individuals have access to appropriate healthcare despite concerns about infection, and to ensure

that they can get an accurate disease diagnosis even when outside activity is limited.

5. Conclusion

In this study, we identified an increasing trend in diabetes prevalence every year before and
during the pandemic. Additionally, we found that older individuals, male sex, rural residents,
those with lower education levels and lower household income levels, smokers, and those who
were overweight/obese had a higher prevalence of diabetes. Therefore, individual awareness and
behavioral changes are crucial. Moreover, national-level policies are necessary to address the
issue of insufficient diagnosis among vulnerable groups with limited access to healthcare benefits,
including individuals residing in rural areas, those with lower education levels, and those with
lower household incomes. Although several statistical analyses have shown that the COVID-19
pandemic has not had a significant impact on diabetes prevalence, the reduction in the difference
in diabetes prevalence between overweight/obese and normal/underweight groups during the
pandemic is an important finding. This means that special attention should be paid to
overweight/obesity groups when developing diabetes management and prevention strategies, to
gain a deeper understanding of the impact of changed health behavior during the pandemic on
chronic disease management, and to implement appropriate public health interventions. It

provides important information to develop.

Capsule Summary

The study identified an increasing trend in diabetes prevalence every year before and during
the COVID-19 pandemic.
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