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OBJECTIVES: This study aimed to analyze the changes in chronic disease management indicators, including hypertension, di-
abetes mellitus, and hypercholesteremia, from 2010-2020 and before (2019) and during (2020) the coronavirus disease 2019
(COVID-19) pandemic.

METHODS: This study included 58,504 individuals aged > 30 years who participated in the Korea National Health and Nutri-
tion Examination Survey 2010-2020. Trends in the prevalence, awareness, treatment, and control of chronic diseases and the
difference in those between before and during the COVID-19 pandemic were analyzed using the SAS program PROC SUR-
VEYREG.

RESULTS: From 2010-2020, the awareness, treatment, and control in adults aged > 30 years for hypertension and hypercholes-
terolemia continuously improved, whereas no significant change in the management indicators of diabetes mellitus was observed.
The prevalence of hypertension, diabetes mellitus, and hypercholesterolemia in men increased from before to during the COVID-
19 pandemic. However, there was no significant change in the management indicators of hypertension and diabetes mellitus in
men and women, and the awareness, treatment, and control rates for hypercholesterolemia increased by 5.5%p, 6.9%p, and
4.1%p respectively.

CONCLUSIONS: In 2020, the first year of the COVID-19 pandemic, the prevalence of hypertension, diabetes mellitus, and hy-
percholesterolemia increased, but the management indicators of the chronic diseases did not significantly deteriorate. Consid-
ering the ongoing COVID-19 pandemic, it is necessary to monitor changes in chronic disease management indicators and to
develop efficient and accessible chronic disease prevention and management programs.
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leading cause of death), respectively. Cardiocerebrovascular dis-
ease is not only a major cause of death, it also has a high disease
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older, the prevalence of hypertension, diabetes mellitus, and hy-
percholesterolemia, which are major underlying diseases of cere-
brocardiovascular disease, are 34.2%, 16.7%, and 27.5%, respec-
tively, which are very high [2]. Thus, it is necessary to properly
manage these diseases through an early diagnosis by periodic health
examinations, the continual use of medication, and the improvement
of health behaviors, such as physical activity and eating habits.

To reduce the prevalence of hypertension, diabetes mellitus, and
dyslipidemia, which are the underlying diseases of four chronic
diseases with high disease burdens (cardiocerebrovascular disease,
diabetes mellitus, chronic respiratory disease, and cancer) and to
improve the management of chronic diseases, Korea established
the Health Plan 2030, is proceeding with health policies and in-
terventions, and is monitoring the progress in achieving improved
outcomes through the Korea National Health and Nutrition Ex-
amination Survey (KNHANES) [3].

As chronic diseases have been reported as risk factors for severe
illness and complications associated with coronavirus disease 2019
(COVID-19), the importance of chronic disease management has
been further highlighted. People with chronic diseases were vulner-
able to COVID-19, and those with uncontrolled chronic diseases
who contracted COVID-19 were more likely to develop severe symp-
toms. In Korea, chronic diseases such as hypertension and diabe-
tes mellitus were the most common underlying diseases in persons
aged 50 years or older who were hospitalized with COVID-19 [4].
In the United States, 94.9% of patients who were hospitalized with
COVID-19 had at least one underlying disease, the most common
of which were hypertension and lipid metabolism disorders. In
addition, those with one chronic disease were 1.32 times more
likely to be admitted to an intensive care unit and 1.53 times more
likely to die compared with those without a chronic disease [5].

In Korea, there were 24,709,789 patients with confirmed COVID-
19 (47.9% of the population) as of August 2022. Many of these
patients were hospitalized and treated for severe illness, and 28,318
of these patients died as of September 28, 2022. It is assumed that
the COVID-19 pandemic may have a negative impact on the pre-
vention and management of chronic diseases due to the COVID-
19-related restrictions on the use of medical services, as well as
direct health damage, such as an increase in the prevalence of
chronic diseases, such as obesity and hypertension, in adults [6].
The diagnosis of chronic diseases may be delayed due to a decline
in health examinations, and regular treatments and medications
in patients with chronic diseases may be restricted due to the self-
quarantine of patients with confirmed COVID-19 and their con-
tacts and their avoidance of hospital visits, which is likely to re-
duce the treatment of chronic diseases. In addition, there is a pos-
sibility that the chronic disease management indicators may be
deteriorating due to various factors, such as a reduction in chronic
disease prevention and management services provided by the pri-
vate and public sectors, a deterioration of health behaviors caused
by social distancing, such as a decrease in physical activity, an in-
creased consumption of delivery food or instant food, and an in-
crease in stress levels [6-10]. Therefore, it is important to investi-
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gate the effects of the COVID-19 pandemic on chronic disease
management indicators and to develop countermeasures to strength-
en the management of chronic diseases.

This study analyzed changes in the indicators of hypertension,
diabetes mellitus, and hypercholesterolemia management between
before (2019) and during (2020) the COVID-19 pandemic to pro-
vide evidence for the management of chronic diseases after the
COVID-19 pandemic. In addition, this study analyzed the trends
in chronic disease management indicators over the past 11 years
(2010-2020) to identify differences between the changes due to
the COVID-19 pandemic and long-term changes.

MATERIALS AND METHODS

Participants

The KNHANES is a national health survey conducted each year
by the Korea Disease Control and Prevention Agency (KDCA)
that has been assessing the health and nutritional status of Koreans
since 1998. To represent the entire Korean population, approxi-
mately 200 primary sampling units (PSUs) with 20-25 households
per PSU in each year survey were sampled using a stratified two-
stage cluster sampling method. The participants of the KNHANES
each year includes about 10,000 individuals or all household mem-
bers aged 1 year or older in the sampled households. Among those
who participated the health examination and health interview in
the KNHANES 2010-2020, those aged 30 years or older were ana-
lyzed in this study. The number and general characteristics of the
participants are shown in Table 1.

Methods

The KNHANES health examinations (blood pressure measure-
ment, blood sampling, etc.) and health interviews were conducted
by trained interviewers at the mobile examination center (MEC).
Blood pressure was measured three times in the right arm in a sit-
ting position after resting for 5 minutes using a mercury sphyg-
momanometer in 2010-2019 (Baumanometer; Baum, Copiague,
NY, USA) or Accoson Greenlight 300™ (Greenlight; Accoson,
Essex, UK) in 2020, and the mean value of the second and third
blood pressure measurement values was used. To calculate the
prevalence of diabetes mellitus and hypercholesterolemia, blood
samples were collected from each participant, and the blood sam-
ples collected from only those who had fasted for at least 8 hours
were used in the analysis. After all specimens were processed
and refrigerated in MEC, they were sent to clinical labs for analy-
sis on the same day. Data on glycated hemoglobin (HbA1c) levels
have been collected since 2011, when HbAIc in all persons aged
10 years or older began to be analyzed. The quality control of the
blood pressure measurements was conducted in collaboration
with the Korean Society of Hypertension, and the quality control
of clinical laboratory tests was conducted in collaboration with
the Korean Society for Laboratory Medicine. Each participants
experiences of receiving a diagnosis in his/her lifetime and cur-
rent taking medication, which are required to calculate the preva-
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Table 1. Characteristics of the study participants, which included Korean men and women aged 30 years or older in the 2010-2020 Korea

National Health and Nutrition Examination Survey

Rac-Scott chi-square test

Characteristics 2010-2012 2013-2015 2016-2018 2019-2020 2019 2020 p-value
2010-2020 2019-2020
Total (=30 yr)
Age (yr) <0.001 0.574
Total (=30) 16,431 (100) 15,042 (100) 16,367 (100) 10,664 (100) 5,543 (100) 5,121 (100)
30-64 11,874 (82.1) 10,702 (80.8) 11,563(79.7)  7,293(77.9) 3,853(78.4) 3,440(77.4)
265 4,557 (179) 4,340(19.2) 4,804(20.3) 3,371(22.1) 1,690(21.6) 1,681 (22.6)
Household income’ 0.021 0.981
Low 3,233(224)  2,994(203)  3,240(20.0) 2,121(19.5) 1,105(19.7) 1,016 (19.4)
Low-middle 3,263(21.0)  2,965(19.9) 3,285(20.2) 2,124(19.7)  1,103(20.1) 1,021 (19.3)
Middle 3,239(19.8) 2,996 (20.0) 3,262(20.0) 2,125(20.1)  1,103(20.0) 1,022 (20.1)
Middle-high 3,205(18.7)  3,023(20.2) 3,263(20.1)  2,122(20.5) 1,101(20.2) 1,021 (20.7)
High 3,254(18.1)  2,957(19.6) 3,255(19.6) 2,121(20.2) 1,103(20.0) 1,018 (20.5)
Men
Age (yr) <0.001 0.568
Total (>30) 7,033(489) 6,410(48.8) 7,121(49.1) 4,655(49.1) 2,404(49.1) 2,251 (49.2)
30-64 5079(85.0) 4,551(83.6) 5047(824) 3,208(80.6) 1,681(81.1) 1,527 (80.2)
>65 1,954 (15.0) 1,859(16.4) 2,074(17.6) 1,447(19.4) 723(18.9) 724(19.8)
Household income' 0.450 0.982
Low 1,381 (22.1) 1,276 (20.4) 1,409 (19.8) 926 (19.7) 483 (19.9) 443 (19.4)
Low-middle 1,382(20.6) 1,275(20.1)  1,419(20.2) 928(19.7) 478 (20.0) 450 (19.5)
Middle 1,403 (20.2)  1,274(20.1)  1,420(20.3) 923 (20.0) 474 (20.2) 449 (19.8)
Middle-high 1,355(18.6) 1,287 (20.1) 1,421 (20.0) 927 (20.5) 477 (20.2) 450 (20.7)
High 1,414 (18.6) 1,254 (19.4) 1,421 (19.7) 934 (20.2) 482 (19.7) 452 (20.6)
Women
Age (yr) <0.001 0.629
Total (>30) 9,398 (51.1)  8,632(51.2) 9,246(50.9) 6,009 (50.9) 3,139(50.9) 2,870 (50.8)
30-64 6,795(79.4) 6,151(78.1) 6,516(77.1) 4,085(75.3) 2,172(75.8) 1,913 (74.8)
265 2,603(20.6) 2,481(21.9) 2,730(22.9) 1,924 (24.7) 967 (24.2) 957 (25.2)
Household income’ 0.004 0.974
Low 1,852(22.7) 1,718(20.2)  1,831(20.3) 1,195(19.4) 622 (19.4) 573(19.4)
Low-middle 1,881 (21.4) 1,690(19.6) 1,866(20.2) 1,196 (19.7) 625 (20.2) 571(19.2)
Middle 1,836(19.5) 1,722(20.0)  1,842(19.8) 1,202 (20.1) 629 (19.9) 573(20.3)
Middle-high 1,850(18.8) 1,736(20.3)  1,842(20.1)  1,195(20.5) 624 (20.3) 571(20.7)
High 1,840(17.6) 1,703(19.9) 1,834(19.6) 1,187(20.3) 621 (20.2) 566 (20.4)

Values are presented as the crude number (weighted %).

'Calculated as the monthly household income divided by square root of the number of persons in the household, categorized into quantiles ac-

cording to age and gender.

lence and management indicators of chronic disease, were inves-
tigated through interviews.

Hypertension was defined as a systolic blood pressure of > 140
mmHg, a diastolic blood pressure of >90 mmHg or the use of
antihypertensive drugs. Diabetes mellitus was defined as a fasting
blood glucose of >126 mg/dL or HbAlc of >6.5%, or a diagnosis
of diabetes mellitus by a doctor, or the use of hypoglycemic drugs
or insulin injections according to the criteria by the Korean Diabe-
tes Association. Hypercholesterolemia was defined as a total blood
cholesterol level of >240 mg/dL or the use of cholesterol-lowering
drugs. The awareness rates of hypertension, diabetes mellitus, and

hypercholesterolemia were calculated as the percentages of those
who reported being diagnosed with the disease by a doctor for each
respective disease. The treatment rates of hypertension, diabetes
mellitus, and hypercholesterolemia were calculated as the percent-
ages of those who were currently taking medications for those with
each respective disease. The control rate was defined as the per-
centage of those who reached the treatment goals (blood pressure
< 140/90 mmHg, HbAlc <6.5%, or blood cholesterol <200 mg/dL)
of those with hypertension, diabetes mellitus, or hypercholester-
olemia who were undergoing treatment.
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Statistical analysis

The data analysis was performed using SAS, version 9.4 (SAS
Institute Inc., Cary, NC, USA). To best represent the characteris-
tics of Koreans as the target population of the KNHANES, all re-
sults were calculated with weights using analysis methods for com-
plex sampling data. The differences in the distributions of gender,
age, and household income level of the participants were analyzed
using the Rao-Scott chi-square test. The prevalence and manage-
ment indicators of chronic disease were presented as crude values
and were calculated using PROC SURVEYMEANS. To compare
the trends in the chronic disease management indicators by year,
age-standardized rates should be presented. However, because age
group-specific data for some chronic disease management indica-
tors are not sufficient, crude values are presented. The statistical
significance for trend analysis from 2010 to 2020 and between 2010
and 2019, and the differences between 2019 and 2020 was per-
formed using PROC SURVEYREG after adjusting for age and
household income level. Because it was difficult to secure an ap-
propriate sample size with only the data of the relevant year, it was
analyzed by classifying the survey periods (2010-2012, 2013-2015,
2016-2018, and 2019-2020) and the age group into those aged 30-
64 years and those aged 65 years or older.

Ethics statement

This study was approved by the Institutional Review Board (IRB)
of the KDCA in accordance with the annual survey plans (2010-
2014 and 2018-2020), and it received an exemption from the IRB
review for three years (2015-2017) in accordance with the Bioeth-
ics and Safety Act, Article 2 (2) and the Enforcement Regulations,
Article 2 (2-1).

RESULTS

The general characteristics of the participants are shown in Ta-
ble 1. There was a total of 58,504 participants aged 30 years or older.
The number of men and women aged 30-64 years decreased, where-
as the number of those aged 65 or older increased. The number of
women with a middle household income or below decreased.

As of 2020, the prevalence of hypertension (crude, age > 30 years)
in men was 38.9%, and that in women was 29.7%. The prevalence
of hypertension increased in men and decreased in women over
the past 11 years (2010-2020). The awareness, treatment, and con-
trol of hypertension were 71.3%, 66.8%, and 72.2%, respectively,
as of 2019-2020. Over the past 11 years (2010-2020), the aware-
ness and treatment of hypertension in men tended to increase in
those aged 30-64 years, and the awareness of hypertension in wom-
en decreased in only those aged 30-64 years. The control of hy-
pertension among treated persons increased in men aged 30 years
or older and women aged 30-64 years. When comparing between
before (2019) and during (2020) the COVID-19 pandemic, the
prevalence of hypertension increased significantly in only men
aged 30-64 years (28.9% in 2019 vs. 34.4% in 2020), and there was
no statistically significant change in the awareness and treatment
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of hypertension and in the control of hypertension in the treated
persons (Table 2).

As of 2020, the prevalence of diabetes mellitus (crude, age
> 30 years) in men was 19.2%, and that of women was 14.3%. Over
the past 10 years (2011-2020), the prevalence of diabetes mellitus
in men increased, whereas no change was observed in women.
The awareness, treatment, and control rates of diabetes mellitus
were 65.8%, 61.4%, and 25.2%, respectively; as of 2019-2020. Over
the past 10 years (2011-2020), the awareness and treatment of di-
abetes mellitus showed no significant change in men and mark-
edly increased only in women aged 65 years or older. The control
of diabetes mellitus in treated persons has been around 25%, and
it has not significantly changed over the past 10 years. When
comparing before (2019) and after (2020) the COVID-19 pan-
demic, the prevalence of diabetes mellitus increased in only men
aged 30-64 years, and the awareness, treatment, and control rates
showed no change in men and women (Table 3).

As of 2020, the prevalence of hypercholesterolemia (crude, age
> 30 years) in men was 26.4%, and that in women was 28.6%. The
awareness and treatment of hypercholesterolemia and the control
of hypercholesterolemia in treated persons were 64.6%, 56.7%, and
85.1%, respectively, as of 2019-2020. Over the last 11 years (2010-
2020), the prevalence of hypercholesterolemia increased by 12%p
in both men and women, and the awareness and treatment of hy-
percholesterolemia increased by about 20%p, respectively. The
control rate of hypercholesterolemia in treated persons increased
by about 6%p. When comparing before (2019) and after (2020)
the COVID-19 pandemic, the prevalence of hypercholesterolemia
increased in only men aged 30-64 years. However, the awareness
and treatment of hypercholesterolemia increased in only men
aged 65 years and older, and the control rate among treated per-
sons increased in only women aged 30-64 years (Table 4).

For the health behaviors in those with hypertension, diabetes
mellitus, and hypercholesterolemia over the past 11 years (2010-
2020), the current smoking rate and excessive sodium intake decreased.
Meanwhile, the prevalence of obesity (men), high-risk alcohol
drinking rate (men), aerobic physical activity rate (both men and
women), and perceived stress (men) tended to worsen and were
more distinct in men than in women. Comparing before (2019)
and after (2020) the COVID-19 pandemic, the prevalence of obe-
sity increased in men with hypertension aged 30-64 years, and the
high-risk alcohol drinking rate increased in men with hypercho-
lesterolemia aged 30-64 years (Supplementary Materials 1-3).

DISCUSSION

The results of the analysis of changes in the chronic disease
management indicators in adults using the data from the KN-
HANES 2010-2020 revealed that the awareness, treatment, and
control of hypertension and hypercholesterolemia have continued
to improve over the last 11 years (2010-2020), whereas there has
been no significant change in the diabetes mellitus management
indicators over the same period. These results are not different
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Table 2. Trends in prevalence and management of hypertension among Korean men and women aged 30 years or older in the 2010-2020
Korea National Health and Nutrition Examination Survey

Trend Difference
Indicators ~ Variables 20102012 2013-2015 2016-2018 2019-2020 2019 2020 20702020 20102019  2019to

(B estimate) (B estimate) 2020

Prevalence Total (yr)

Total (=30) 30.4(0.6) 30.4(0.6) 32.7(0.5) 33.6(0.7) 329(1.0) 34.2(1.0 -0.016 -0.049 13
30-64 234(0.5) 23.1(0.6) 249(0.5) 25.2(0.6) 242(0.8) 26.3(0.9) -0.003 -0.069 2.1
265 63.3(09) 61.4(1.0) 63.2(09) 62.9(1.0) 644(14) 61.4(1.5) -0.016 0.096 -3.1
Men (yr)
Total (=30) 32.4(0.7) 33.7(0.8) 36.4(0.7) 36.8(0.9) 347(1.3)  389(1.2) 0.242* 0.148 4.2%
30-64 28.3(0.8) 29.2(0.8) 314(07) 31.6(1.0 289(1.3) 344014 0.212 0.062 5.5%
265 56.1(1.4) 56.5(1.5) 59.4(1.2) 58.1(1.6) 594(22) 56.9(2.2) 0.384 0.578* -2.5
Women (yr)
Total (=30) 28.4(0.7) 27.4(0.6) 29.1(0.7)  30.5(0.8) 31.2(1.1)  29.7(1.2) -0.281* -0.253* -1.5
30-64 184(0.6) 17.3(0.6) 18.2(0.6) 18.7(0.7) 19.3(0.9) 18.0(1.0) -0.253* -0.231* -14
>65 68.4(1.3) 64.9(1.3) 65.9(1.2) 66.5(1.3) 68.2(1.8) 64.8(1.7) -0.276 -0.223 -34
Awareness Total (yr)
Total (=30) 65.9(1.0) 67.3(0.9) 69.1(0.8) 71.3(0.9) 714(1.3)  71.1(1.3) 0.257*% 0.200 -0.3
30-64 55.6(1.3) 56.1(1.3) 583(1.1) 61.6(1.3) 619(1.9) 61.4(1.7) 0.372*% 0.279 -0.5
>65 83.9(1.0) 85.2(0.8) 85.8(0.8) 84.9(0.9) 843(1.1) 85.5(1.4) 0.140 0.152 1.2
Men (yr)
Total (>30) 56.9(1.4) 60.1(1.4) 64.0(1.2) 67.1(1.3) 67.3(1.9) 67.0(1.9) 0.759%** 0.703* -0.2
30-64 484(1.7)  50.6(1.7) 554(1.5) 59.3(1.7) 58.9(2.6) 59.6(2.3) 0.915*% 0.825*% 0.7
>65 81.5(1.4) 84.8(1.2) 85.2(1.1) 84.8(1.4) 846(19) 85.0(2.2) 0.388 0.461 0.4
Women (yr)
Total (=30) 75.7(1.1)  75.4(1.0) 752(1.0) 76.1(1.1) 75.8(1.6) 76.3(1.5) -0.285 -0.343 0.5
30-64 66.7 (1.6)  65.2(1.6) 63.4(1.6) 65.7(1.9) 66.4(2.7) 64.8(2.5) -0.504* -0.604* -1.6
>65 853(1.2) 85.4(1.0) 86.2(1.0) 85.0(1.1) 84.1(1.4) 85.8(1.6) -0.009 -0.030 1.8
Treatment  Total (yr)
Total (=30) 60.7(1.0) 63.6(0.9) 65.3(0.9) 66.8(1.0) 67.1(14) 66.5(1.4) 0.326* 0.327*% -0.6
30-64 49.0(1.3) 51.7(1.3) 53.7(1.1)  55.9(1.3) 56.4(2.0) 55.4(1.8) 0.462* 0.466* -1.1
>65 80.9(1.1)  82.5(0.9) 83.1(0.9) 82.3(0.9) 81.6(1.2) 83.0(1.5) 0.185 0.197 14
Men (yr)
Total (>30) 51.4(1.4) 554(1.4) 59.7(1.2) 61.7(14) 619(1.9) 61.4(2.0) 0.785%** 0.800% -0.5
30-64 422(1.7)  456(1.7) 50.5(1.5) 52.6(1.7) 523(25) 528(24) 0.907*% 0.918* 0.5
>65 782(1.6) 81.0(1.4) 823(1.2) 82.1(1.5) 81.8(2.0) 823(23) 0.514*% 0.577*% 0.5
Women (yr)
Total (=30) 70.7(1.1)  72.7(1.0) 72.0(1.0) 72.8(1.2) 727(1.7) 729(1.6) -0.157 -0.174 0.2
30-64 59.7(1.6) 61.7(1.7) 594(1.7) 61.6(1.9) 62.8(2.8) 60.3(2.6) -0.238 -0.254 -24
265 825(1.3)  83.5(1.1) 83.7(1.1) 824(1.2) 814(1.6) 834(1.7) -0.007 -0.022 1.9
Control Total (yr)
among Total (=30) 69.1(1.0) 72.0(1.0) 73.1(09) 722(1.0) 720(1.4) 724(014) 0.408* 0.499% 0.4
treated 30-64 70.2(1.5) 72.1(1.5) 743(14) 75.0(1.4) 75.0(2.1)  75.0(2.0) 0.592* 0.644* 0.0
persons  >g5 679(1.3) 720(1.3) 720(1.2) 694(14) 69.1(20 698(1.9 0236 0376 06
Men (yr)
Total (=30) 71.8(1.5) 724(1.4) 758(1.3) 753(1.4) 764(1.9) 742(2.1) 0.456* 0.607* -2.2
30-64 71.6(2.0) 69.6(2.1) 737(1.8) 74.0(2.0) 744(3.0) 73.6(2.8) 0.388 0.434 -0.7
>65 721 (2.1)  764(2.0) 79.0(1.6) 77.1(2.0) 79.1(25) 75.1(3.2) 0.571 0.897* -4.0
Women (yr)
Total (=30) 67.0(1.3) 71.7(1.3) 70.5(1.2)  69.1(1.4) 68.0(1.9) 704(1.9) 0.332 0.361 2.5
30-64 68.6(2.1)  75.1(1.9) 753(1.8) 76.6(2.1) 759(9) 7753.0) 0.895*% 0.943*% 1.6
>65 65.7 (1.6) 69.3(1.6) 67.3(1.5) 64.4(1.8) 62.6(2.6) 66.2(2.4) -0.072 -0.055 3.6
(

Values are presented as the crude weighted % (standard error).
*p<0.05, ***p<0.001.
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Table 3.Trends in the prevalence and management of diabetes mellitus among Korean men and women aged 30 years or older in the 2011-
2020 Korea National Health and Nutrition Examination Survey

Trend Difference
Indicators Variables  2011-2012 2013-2015 2016-2018 2019-2020 2019 2020 2011-2020 2011-2019 2019to

(B estimate) (B estimate) 2020

Prevalence Total (yr)

Total (=30) 12.1(04) 129(04) 139(04) 156(0.5) 145(06) 16.7(0.7) 0.125 -0.002 2.2
30-64 9.6 (0.5) 9.9(04) 104(04) 11.8(05 10.7(06) 13.0(0.7) 0.099 -0.032 2.3*
>65 253(1.00 282(1.00 284(08) 296(09 29.0(1.2) 30.1(1.3) 0.265 0.175 1.0
Men (yr)
Total (=30) 135(0.7) 146(06) 156(05) 17.7(07) 163(0.9) 19.2(1.0) 0.224* 0.067 2.9*
30-64 11.5(0.7) 123(06) 13.0(05) 149(0.8) 132(09) 16.6(1.2) 0.202 0.022 3.4*%
=65 260(1.5) 274(14) 284(1.2) 30.0(1.5 30.1(2.1) 298(21) 0.380 0.356 -0.3
Women (yr)
Total (=30) 10.8(0.5) 11.4(04) 12.2(04) 13.5(0.5) 12.7(0.7) 14.3(0.8) 0.016 -0.080 1.6
30-64 7.6 (0.5) 7.5(0.4) 7.7 (0.4) 8.6 (0.5) 8.0(0.7) 9.2(0.8) -0.016 -0.098 1.2
>65 248(1.3) 289(14) 285(1.1) 293(1.1) 282(1.5) 30.2(1.5) 0.165 0.018 2.0
Awareness  Total (yr)
Total (>30) 60.8(1.7) 61.0(14) 650(1.2) 658(1.4) 652(1.9) 66.3(2.0) 0.374 0.295 1.1
30-64 55.1(23) 543(1.9) 566(1.7) 586(1.9 579(27) 59.1(2.7) 0.224 0.026 1.2
>65 721(22) 726(0) 779(14) 764(1.5) 754(22) 773(23) 0.739* 0.871* 1.9
Men (yr)
Total (=30) 59.7(2.6) 595(2.1) 61.2(1.6) 626(1.9) 633(26) 62.1(2.8) 0.158 0.101 -1.2
30-64 548(3.2) 541(25) 546(21) 566(25 57.1(35) 56.2(3.6) 0.047 -0.099 -0.9
>65 73.1(34) 73.0(29) 76.0(1) 75625 756(3.1) 75739 0.663 0.841 0.1
Women (yr)
Total (=30) 622(23) 628(1.8) 69.8(1.6) 69.7(1.8) 67.5(28) 71.7(2.1) 0.679* 0.577 42
30-64 555(3.5) 547(27) 60.0(25) 62129 592(43) 64.5(3.8) 0.585 0.308 53
=65 714(29) 723(4) 794(1.8) 77.0(21) 753(3.1) 785(2.8) 0.804* 0.910 32
Treatment  Total (yr)
Total (=30) 543(1.7) 548(14) 60.1(1.3) 614(1.5 608(20 61.9(2.2) 0.667* 0.610* 1.1
30-64 484(23) 479(1.9) 51.8(1.7) 534(2.1) 524(27) 542(3.0) 0.463 0.303 1.7
>65 659(2.1) 669(2.0) 729(1.5) 733(1.6) 726(22) 740(24) 1.149% 1.279*% 14
Men (yr)
Total (=30) 529(25) 528(2.1) 566(1.7) 57.1(21) 579(28) 56.5(3.1) 0.398 0424 -1.3
30-64 477 (3.1) 47225 504(2.1) 507(27) 509(3.7) 50.5(4.0) 0.289 0.238 -0.5
265 67.0(3.5) 66.9(29) 706(22) 712(26) 716(3.1) 707(41) 0.922 1.130* -0.9
Women (yr)
Total (=30) 56.1(24) 573(1.8) 64.6(1.7) 668(1.8) 645(27) 689(22) 1.052 0.891* 45
30-64 495(35) 49.0(26) 543(26) 583(28 550(42) 61.0(3.8) 0.834 0.492 6.0
=65 65.1(29) 669(25) 747(20) 750(2.1) 733(3.0) 764(28) 1.341% 1.414* 3.1
Control Total (yr)
among Total (=30) 233(2.00 223(15) 258(1.4) 252(1.5 255(20) 25.0(22) 0.263 0.346 -0.5
treated 30-64 199(2.8) 196(2.1) 221(1.9) 206(2.2) 195(29) 215(3.2) 0.154 0.172 2.0
persons 65 28.1(28) 258(0) 298(19) 302(20) 31627 290(29) 0397 0.602 26
Men (yr)
Total (>30) 206 (2.5 23.2(21) 251(1.9) 238(21) 259(27) 219(.0) 0.277 0.612 -4.0
30-64 20.2(3.5) 194(28) 221(6) 175(27) 19.0(38) 164(3.8) -0.181 0.175 -2.6
>65 21.5(3.5) 30.0(3.2) 299(2.7) 334(3.1) 357(4.0) 31.2(46) 1.104* 1.470* -4.5
Women (yr)
Total (=30) 263(3.00 213(21) 265(1.8) 267(2.2) 249(29) 282(3.2) 0.272 0.046 33
30-64 19.5(4.1) 198(3.2) 220(28) 253(3.5) 20.2(44) 293(5.2) 0.709 0.198 9.1
=65 333(400 227(27) 297(24) 27.8(27) 283(38) 274(3.8) -0.158 -0.089 -0.9
Values are presented as the crude weighted % (standard error).

*p<0.05.
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Table 4. Trends in the prevalence and management of hypercholesterolemia among Korean men and women aged 30 years or older in the
2010-2020 Korea National Health and Nutrition Examination Survey

Trend Difference
Indicators ~ Variables ~ 2010-2012 2013-2015 2016-2018 2019-2020 2019 2020 010-2020 2010-2019  2019to

(B estimate) (B estimate) 2020

Prevalence Total (yr)

Total (=30) 14.7 (0.4) 17.1(0.4) 23.2(04) 26.7(0.6) 25.8(0.8) 27.5(0.9) 1.237%** 1.215%** 1.8
30-64 13.4(0.4) 15.0 (0.4) 20.8(0.5) 23.1(0.6) 22.3(0.9) 23.9(0.9) 1.017%** 0.996%** 1.5
>65 21.2(0.9) 27.3(0.9) 33.5(0.8) 39.9(1.1) 38.9(1.5) 40.8 (1.6) 2.315%** 2.279%** 1.9
Men (yr)
Total (=30) 12.9(0.5) 15.1(0.5) 21.1(0.6) 24.5(0.8) 22.6(1.1) 264(1.2) 1.302%** 1.193%*** 3.9%
30-64 12.8(0.6) 14.6 (0.6) 20.4(0.7) 23.1(0.9) 21.3(1.2) 24.8(1.3) 1.148%** 1.060%** 3.5*%
>65 13.7(1.1) 17.6(1.2) 24.2(1.1)  30.9(1.6) 28.3(2.0) 33.3(2.5) 2.134%** 1.919%** 5.0
Women (yr)
Total (=30) 16.4(0.5) 19.0 (0.5) 253(0.6) 28.7(0.8) 28.8(1.1) 28.6(1.1) 1.180*** 1.240%** -0.2
30-64 14.1 (0.6) 15.5(0.6) 21.1(0.6) 23.1(0.8) 234(1.2) 22.9(1.1) 0.868*** 0.928%** -0.5
>65 26.6(1.2) 35.0(1.3) 40.6(1.2) 46.8 (1.5) 47.0(2.3) 46.6 (2.0) 2.502%** 2.603%** -04
Awareness Total (yr)
Total (=30) 47.4(1.4) 57.7 (1.3) 60.1(1.0) 64.6 (1.1) 61.7 (1.6) 67.2(1.5) 1.276%** 1.184%** 5.5%
30-64 42.4(1.6) 50.3(1.5) 51.8(1.2) 55.6(1.5) 53.0(2.1) 58.1(1.9) 1.019*** 0.883* 5.1*%
>65 64.3(2.3) 77.9(1.7) 81.7(1.3) 83.9(1.3) 81.0(2.0) 86.5(1.7) 2.149%** 2.186%** 5.5%
Men (yr)
Total (=30) 45.2(2.3) 51.4(2.0) 57.3(1.5) 63.2(1.8) 59.7 (2.7) 66.0 (2.3) 1.286%** 1.117* 6.3
30-64 41.5(2.5) 458 (2.3) 51.3(1.7) 56.6 (2.1) 54.1(3.2) 58.8 (2.7) 1.137* 0.990* 4.7
>65 66.9 (4.1) 77.5(3.2) 81.8(2.0) 84.4(2.2) 78.9(3.9) 88.7 (2.6) 2.040%** 1.776* 9.9*%
Women (yr)
Total (=30) 49.1(1.7) 62.4(1.6) 624(1.2) 658(14) 63.2(1.8) 68.3(2.1) 1.217%** 1.208*** 5.1
30-64 43.2(2.1) 54.5(2.0) 52.2(1.5) 54.6(1.9 51.9(24) 57.3(2.8) 0.826* 0.740* 54
>65 63.4(2.7) 78.0(2.0) 81.7(1.5) 83.7(1.6) 82.0 (2.4) 85.3(2.1) 2.200%** 2.372%%* 34
Treatment Total (yr)
Total (=30) 37.3(1.4) 45.5(1.3) 50.3(1.0) 56.7(1.2) 53.1(1.6) 60.0 (1.6) 1.604%*** 1.396*** 6.9%
30-64 31.6(1.5) 36.6 (1.4) 40.7 (1.2) 47.0(1.5) 43.5(2.0) 50.4(2.0) 1.412%** 1.126%** 6.9*%
>65 56.3 (2.6) 69.9 (1.8) 75.2(1.3) 77.5(1.5) 743 (2.1) 80.3(2.0) 2.289%** 2.3071%** 6.0*
Men (yr)
Total (=30) 35.8(2.0) 39.8(2.0) 48.8(1.5) 56.1(1.8) 51.0(2.5) 60.3 (2.4) 1.679%** 1.362%** 9.4*
30-64 31.2(2.2) 333(2.2) 41.8(1.8) 489(2.1) 448 (2.9) 52.5(3.0) 1.602%** 1.299* 7.7
>65 62.6(4.2) 69.9 (3.6) 779(2.1) 79.2(24) 72.0(3.8) 84.9 (3.0) 2.082%** 1.681* 12.9%
Women (yr)
Total (=30) 38.4(1.8) 49.9(1.6) 51.5(1.2) 57.2(1.4) 54.7 (1.8) 59.7 (2.1) 1.455%** 1.372%** 5.0
30-64 31.9(1.9) 39.7(1.9) 39.6(1.5) 451 (1.9) 42.3(2.4) 48.0(2.8) 1.113%** 0.895* 58
>65 54.0(2.9) 69.9 (2.1) 739(1.6) 76.6(1.9) 754 (2.6) 77.8 (2.6) 2.339%** 2.535%** 24
Control Total (yr)
among Total (>30) 78.8(1.6) 84.3(1.2) 84.0(0.9) 85.1(1.0) 82.8(1.5) 86.9(1.3) 0.541* 0.396 4.1%
treated 30-64 77.5(2.2) 83.1(1.7) 825(14) 835(1.4) 79.1(2.2) 87.0(1.8) 0.583* 0.279 8.0%
[PEREIS = 813(21) 859(15) 86.1(1.1) 87.1(14) 876(2.1) 867(1.8) 0.484 0.584 -0.9
Men (yr)
Total (=30) 79.3(2.8) 88.4(1.8) 85.7(1.5) 85.0(1.5) 83.2(2.2) 86.2 (2.1) 0.220 0.232 3.0
30-64 77.0 (3.5) 86.0 (2.4) 83.8(2.0) 83.4(2.0) 81.3(3.0) 84.9(2.8) 0.398 0.383 3.6
>65 85.8 (3.4) 93.6(1.8) 89.8(1.8) 88.1(2.2) 87.2(3.4) 88.6(3.00 -0.146 -0.146 14
Women (yr)
Total (=30) 78.5(1.9) 81.8(1.6) 82.7(1.2) 85.1(1.3) 82.5(2.1) 87.5(1.5) 0.724* 0.473 5.0
30-64 78.0 (2.6) 80.8 (2.4) 81.1(1.9) 83.5(1.9) 76.8 (3.1) 89.5(2.2) 0.763* 0.191 12.7*
>65 79.3 (2.6) 82.9(2.0) 843(1.5) 86.6(1.7) 87.8(2.8) 85.6(2.2) 0.714* 0.846* -2.2

Values are presented as the crude weighted % (standard error).
*p<0.05, **p<0.001.
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from the trends in the chronic disease management indicators
between 2005 and 2018, as demonstrated in a previous study [11].
There was no significant change in the hypertension and diabetes
mellitus management indicators from before to during the COV-
ID-19 pandemic, whereas there was an improvement in the hy-
percholesterolemia management indicators.

To increase the awareness of chronic diseases, an early diagno-
sis of these diseases is important, and health examinations for hy-
pertension, diabetes mellitus, dyslipidemia, etc., in Korea are con-
ducted every 1-2 years under the national health screening. In
2020, the first year of the COVID-19 outbreak, the health exami-
nation rate was 67.8%, a 6.3%p decrease from the 74.1% reported
in 2019 [12]. In this study, there was no change in the awareness
of hypertension and diabetes mellitus observed in 2020, during
the COVID-19 pandemic. A decrease in the general health exam-
ination rate in 2020 did not result in a decrease in the awareness
of major chronic diseases. However, it is necessary to monitor
health examination and the awareness of chronic diseases in set-
tings where the COVID-19 pandemic persists or a long time.

Regular medical treatment and continual medication use are
important for the proper management of chronic diseases. Ac-
cording to the national health insurance statistics in Korea, the
average number of hospitalizations and hospital visits per person
per month was 1.74 days in 2019, but the number of days of health-
care utilization decreased after the COVID-19 pandemic (1.56 days
in 2020, and 1.55 days in 2021). In addition, concerning the num-
ber of those receiving healthcare service in 2020 compared with
that in 2019, that for hypertension (n=6.73 million) and diabetes
mellitus (n=3.34 million) increased by 3.0%, and 3.6%, respec-
tively, which were lower than the average annual increase rates of
3.3% and 5.4%, respectively, indicating that it is presumed that the
healthcare utilization for hypertension and diabetes mellitus may
be restricted [13]. In particular, the number of patients who re-
ceived healthcare service for hypertension and diabetes mellitus
from March 2020 to July 2020 at the beginning of the COVID-19
pandemic increased compared with the same period in 2019, but
the percent change in 2020 compared with 2016-2019 decreased
by 0.2% and 2.4%, respectively [14]. In this study, no change in
the treatment for hypertension and diabetes mellitus in 2019 and
2020 was observed, indicating that, despite restrictions on health-
care utilization due to the COVID-19 pandemic, their impact on
the treatment was minimal. This may be due to the fact that med-
ications by proxy or telephone consultations were temporarily al-
lowed during the COVID-19 pandemic (effective starting Febru-
ary 24, 2020), and the prescriptions of drugs thus continued. Sim-
ilar to the results of this study, studies have reported that the ap-
propriate medication administration rate for hypertension in 2020
(rate of drug prescription for >290 days: 60.6%) was not different
from that in 2019 (59.9%) [15] and 91.9% of patients with hyper-
tension and 94.6% of patients with diabetes mellitus did not at-
tended or postponed an outpatient visit for hypertension and dia-
betes mellitus during the past year [16]. In the United States, tele-
medicine was strengthened during the COVID-19 pandemic, but
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40.9% of those aged 18 years or older (regular medical checkup
rate: 31.5%; emergency treatment rate: 12.0%) delayed or avoided
medical care due to COVID-19 [17]. From February 2020 to March
2020, at the beginning of the COVID-19 pandemic, the rates of
testing for diabetes mellitus and dyslipidemia fell by 81-90%, and
the rate of new medication therapy decreased by 52-60% [18].

To prevent complications from chronic diseases, such as hyper-
tension and diabetes mellitus, it is necessary to maintain blood
pressure, glucose, and cholesterol levels within normal range through
continual medication use, the maintenance of ideal body weight,
increasing physical activity, and nutrition management. The con-
trol of diabetes mellitus in those undergoing diabetes treatment
was lower and did not significantly change over the past 10 years
compared with the control of hypertension and hypercholester-
olemia, which was evident in men. Because diabetes mellitus is
caused by complex factors, it is important to improve its risk fac-
tors, such as health behaviors and obesity, along with providing
continuous treatment [11,19]. This study demonstrated that, with
regard to the changes in risk factors in patients with diabetes mel-
litus in 2011-2020, obesity, high-risk alcohol drinking, physical
activity, and stress levels except for smoking worsened (Supple-
mentary Material 2). In particular, the prevalence of obesity among
men with diabetes mellitus increased in those of all ages, and the
prevalence of obesity in those aged 30-64 years increased by 16.3%p,
from 47.0% in 2011-2012 to 63.3% in 2019-2020. There is a possi-
bility that the control rate of diabetes mellitus may be low due to
difficulty in improving health behaviors as shown in the trends in
risk factors among those with diabetes mellitus, lack of awareness
of drug efficacy, fear of hypoglycemia and drug side effects, and
low drug adherence due to cost burden [20,21]. In the United
States (1999-2018) [22] and China (2013-2018) [23], the preva-
lence of diabetes mellitus also increased, but the control of diabe-
tes mellitus did not change, which are findings that are similar to
the results of this study. In this study, there was no change in the
control of diabetes mellitus between before and during the COV-
ID-19 pandemic, and there was also no significant difference in
the health behaviors in patients with diabetes mellitus between
2019 and 2020.

The awareness, treatment, and control of hypercholesterolemia
all continuously improved since 2010, which is a trend that is dif-
ferent from those of hypertension and diabetes mellitus. The
changes in health behavior in patients with hypercholesterolemia
tended to be similar to those with hypertension and those with
diabetes mellitus (Supplementary Materials 1-3), and its control
rate was likely to be high due to the high efficacy of antidyslipi-
demia drugs and medication adherence. In the United States, the
reasons why the control rate of hypercholesterolemia was high
(2017-2018, 79.5%) despite the prevalence of hypercholester-
olemia (1988-2018) increasing [24], and other risk factors, such
as obesity and blood glucose levels were not improving, are statin
therapy, increased medication adherence, and, in particular, the
impact of the revised guidelines issued in 2013 by the related so-
ciety that emphasized the administration of high-dose statins to
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high-risk groups [25].

Comparing before (2019) and during (2020) the COVID-19
pandemic, the prevalence of hypertension, diabetes mellitus, and
hypercholesterolemia increased in men aged 30-64 years, but there
was no change in the hypertension and diabetes mellitus manage-
ment indicators in those requiring management. Previous studies
have reported that, after the COVID-19 pandemic, the prevalence
of obesity increased and physical activity decreased in those in
their thirties and that high-risk alcohol drinking rate increased in
those in their forties [6,8,10]. This study also demonstrated that,
for men aged 30-64 years regardless of having chronic diseases,
obesity and alcohol drinking indicators deteriorated, and inten-
sive health care for this age group is thus required.

Due to the COVID-19 pandemic, other countries, such as the
United States and the United Kingdom, suspended or reduced the
size of nationwide surveys. Meanwhile, the KNHANES was con-
ducted during the COVID-19 pandemic using the same survey
methods (measurements, health examination, etc.) and a similar
sample size (survey completion rate: 94%) as those used in previ-
ous years, and it has advantages in that it can analyze the health
status of the population before and during the COVID-19 pandem-
ic. In addition, to maintain the accuracy of the KNHANES data,
the KNHANES is conducted by trained interviewers and medical
staff who completed training and passed evaluation for survey
guideline, and routine quality control in the KNHANES is con-
ducted in collaboration with related academic societies or profes-
sional organizations. However, as the KNHANES is a cross-sec-
tional survey, the data on the chronic disease management indi-
cators and related risk factors from the KNHANES were collected
from different persons with chronic diseases each year. Consider-
ing this, it is necessary to interpret these trend in chronic disease
management indicators, and there is a limitation that it cannot
confirm whether the COVID-19 pandemic had a direct impact
on changes in health behaviors and the prevalence and manage-
ment indicators of chronic disease.

CONCLUSION

Despite the fact that the prevalence of obesity, diabetes mellitus,
and hypercholesterolemia in adults increased in 2020, the first
year of the COVID-19 pandemic, the chronic disease manage-
ment indicators did not significantly deteriorate. However, as the
COVID-19 pandemic persists for a long time, it is predicted that
the worsening of health risk behaviors and increasing prevalence
of chronic diseases, such as obesity and hypertension, may affect
chronic disease management indicators. Therefore, it is necessary
to develop and apply effective chronic disease prevention and man-
agement programs, such as education programs based on the non-
face-to-face method using online and mobile platforms and the
face-to-face method that are easily accessible to the target popula-
tions, registry management programs for patients with chronic
diseases, and additional public relations activities.
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