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2005 to 2022
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Dyslipidemia has steadily increased in South Korea over the past two decades, emerging as a

major public health concern and key risk factor for cardiovascular disease. Thus, our study aimed to
investigate long-term trends in the prevalence, awareness, treatment, and control of dyslipidemia in
South Korea, including the COVID-19 pandemic. This study utilized data from nationally representative
cross-sectional surveys conducted as part of the Korea National Health and Nutrition Examination
Survey from 2005 to 2022, analyzing long-term trends of dyslipidemia among 98,396 individuals aged
over 30. Weighted linear and binary logistic regression were performed to calculate the B coefficients,
By @and weighted odds ratios with 95% confidence intervals (Cls). Weighted odds ratios were
computed for various socioeconomic groups using aggregated data from 2005 to 2022. The prevalence
of dyslipidemia increased from 41.30% (95% Cl 40.40-42.21) in 2005-2009 to 48.41% (47.36—49.47) in
2020-2022. Awareness increased from 17.87% (16.75-18.99) to 48.90% (47.34-50.47), treatment from
7.10% (6.39-7.80) to 38.19% (36.61-39.76), and control among prevalence from 6.49% (5.79-7.19)

t0 31.82% (30.33-33.32). Treatment (Bdiff, 3.94 [1.97-5.92]) and control among prevalence (Bdiﬁ, 3.52
[1.67-5.38]) increased more rapidly during the pandemic. Higher odds of dyslipidemia were associated
with male sex, older population, rural residence, high BMI, central adiposity, low education and
income levels, smoking, and high-risk alcohol consumption. Lower odds of awareness, treatment,

and control among individuals with dyslipidemia were associated with male sex, younger population,
rural residence, higher education and income levels, smoking, and high-risk alcohol consumption. Over
the past 18 years, the prevalence, awareness, treatment, and control of dyslipidemia have steadily
increased, with persistent disparities among socioeconomic groups.
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Cardiovascular diseases (CVD) are one of the leading causes of death and disability worldwide, responsible for
approximately 19.7 million deaths and 417 million disability-adjusted life years according to a 2019 study by the
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World Health Organization!. Dyslipidemia, a main cause of CVD, contributes to approximately one-third of
ischemic heart disease and one-fifth of cerebrovascular disease globally, resulting in approximately 2.6 million
deaths annually®. Over the past three decades, the prevalence of dyslipidemia has markedly increased worldwide,
making it a significant public health concern®.

Since the emergence of the severe acute respiratory syndrome coronavirus 2, there have been numerous
global deaths from COVID-19, and many studies have consistently highlighted its negative effects on various
diseases®. Recent research has indicated that as the severity of COVID-19 infection increases, so does the
burden of dyslipidemia®. Therefore, it is crucial to examine trends in the prevalence of dyslipidemia, including
during the pandemic. Previous studies in South Korea have shown a steady rise in the prevalence of dyslipidemia,
while treatment rates remain low’. Identifying high-risk individuals is essential because early and effective
management of dyslipidemia can reduce the burden associated with disease development.

Various studies have been conducted worldwide focusing on the prevalence of dyslipidemia®®. However,
to our knowledge, no research has comprehensively examined the trends in prevalence, awareness, treatment,
and control of dyslipidemia, including a pre-pandemic and during-pandemic comparison in South Korea.
Therefore, this study aimed to investigate the trends of dyslipidemia in South Korea from 2005 to 2022 by
category and compare dyslipidemia trends before and during the COVID-19 pandemic. By comparing different
sociodemographic groups, this study aimed to identify vulnerable groups for dyslipidemia, thereby contributing
to public health.

Methods

Survey design and participants

This study analyzed long-term trends in dyslipidemia prevalence, awareness, treatment, and control over 18
years. We used data from the Korea National Health and Nutrition Examination Survey (KNHANES), conducted
by the Korea Disease Control and Prevention Agency (KDCA) from 2005 to 20221912, The KNHANES utilized
a robust multistage stratified cluster sampling design, selecting participants from a wide array of geographic and
demographic areas to mirror the national profiles of age, sex, region, and socioeconomic status. In addition,
sampling weights were applied to correct for differences in selection probability and non-response, thereby
improving the representativeness and generalizability of the study outcomes. This study sought to investigate
the dynamics of dyslipidemia and identify groups at higher risk by incorporating a broad set of socioeconomic
factors.

The participants of this study were aged 30 years and over who were considered at risk for dyslipidemia,
following the guidelines established by prior studies in the field'®. Information of participants in the study
covered variables such as age, sex, region of residence, body mass index (BMI), educational background,
household income, and smoking status!®!. Across the duration of the study, 98,396 individuals were sampled,
with yearly breakdowns as follows: 35,005 from 2005 to 2009, 15,610 from 2010 to 2012, 13,440 from 2013
to 2015, 20,601 from 2016 to 2019, and 13,740 from 2020 to 2022, with each segment designed following
sampling methodology of KNHANES'. Particular focus was placed on 2020-2022 to delve into the effects 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-03-2 C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-
01EXP-01-2 C, 2013-07CON-03-4 C, 2013-12EXP-035 C). All participants provided written informed consent,
and the KNHANES was made publicly available for various epidemiological research efforts. Our study adhered
to the ethical standards of the Declaration of Helsinki.

Health outcomes

In this study, prevalence, awareness, treatment, control among prevalence, and control among treatment were
the independent variables. Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), and triglycerides (TG) were determined in the assessment of dyslipidemia'>.
Prevalence of dyslipidemia was defined as the proportion of participants with fasting TC>240 mg/dL,
LDL-C>160 mg/dL, HDL-C <40 mg/dL, or TG>200 mg/dL, or who were currently taking lipid-lowering
medication or had previously been diagnosed with dyslipidemia by a physician!®. Awareness was determined as
the percentage of patients with dyslipidemia who responded “yes” to the question, “Have you ever been told by
a doctor or other healthcare professional that you have dyslipidemia?” Treatment was defined as the proportion
of people taking lipid-lowering medication within the prevalence group. Control among prevalence was defined
as the proportion of people with TC <240 mg/dL, LDL-C< 160 mg/dL, HDL-C>40 mg/dL, and TG <200 mg/
dL within the prevalence group. Control among treatment was defined as the proportion of people taking lipid-
lowering medication and meeting the criteria of TC <240 mg/dL, LDL-C < 160 mg/dL, HDL-C =40 mg/dL, and
TG <200 mg/dL. The response rates for TC, LDL-C, HDL-C, and TG are presented in Table S1.

Covariates

In this study, the covariates included sex, age (30-39 years, 40-49 years, 50-59 years, 60-69 years, and =70
years), region of residence (urban and rural)!>, BMI group (underweight [< 18.5 kg/m?], normal [18.5-22.9 kg/
m?], overweight [23.0-24.9 kg/m?], and obese [>25.0 kg/m?]), educational background (elementary school or
lower, middle school, high school, and college or higher), household income (lowest, second, third, and highest
quartile), smoking status (smoker and non-smoker), waist-to-height ratio (normal and central adiposity), daily
calorie intake (low and high), and high-risk drinking (yes and no). The regions of residence of participants
were classified as either urban or rural according to their responses in the survey'®. Household income was
segmented into four quartiles derived from the quartiles of standardized income, utilizing sample household
and population statistics from the KNHANES. BMI was designated under categories in line with the criteria
set by the Asian-Pacific guidelines'. Waist-to-height ratio was calculated by dividing waist circumference by
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height. A ratio of <0.5 was classified as normal, while>0.5 indicated central adiposity'®!”. Daily calorie intake
was categorized into two groups, with individuals in the lower 50% of total daily calorie consumption classified
as having low intake, while those in the upper 50% were classified as having high intake. High-risk drinking was
defined as consuming > 7 drinks per occasion for men or > 5 for women at least twice per week!®1°. Participants
meeting these criteria were classified as “yes”, while others were classified as “no”. These covariates were identified
as potential factors influencing the risk of developing dyslipidemia.

Statistical analysis

Our study implemented a weighted complex sampling method to assess the national prevalence, awareness,
treatment, and control of dyslipidemia. Sampling weights were applied to adjust for differential selection
probabilities. We used linear and binary logistic regression analyses to estimate P coefficients with 95%
confidence intervals (CIs) and weighted odds ratios (wWORs) with 95% ClIs®. To evaluate changes in trends
associated with the COVID-19 pandemic, we divided the study period into pre-pandemic (2005-2019) and
pandemic (2020-2022) phases. For each phase, weighted linear regression was used to estimate the annual
coefficients for dyslipidemia indicators. The B difference (B ;) was then calculated as the difference between
the B coefficient during the pandemic and the B coefficient in the pre-pandemic period, thereby quantifying
any acceleration, deceleration, or stability in the trends. This approach allows us to directly compare the rates of
change across the two periods.

Subgroup analyses were conducted by stratifying participants based on sex, age, region of residence, BMI,
educational background, household income, smoking status, waist-to-height ratio, daily calorie intake, and high-
risk alcohol consumption. Within these subgroup analyses, the same procedure was applied: B coefficients were
estimated for each period and B, computed to assess how trends varied across different population segments
before and during the pandemic. Furthermore, wORs were calculated using combined data from the entire study
period to identify demographic and socioeconomic groups with higher prevalence, awareness, treatment, and
control rates of dyslipidemia, thus facilitating a comprehensive comparison. The statistical analyses in our study
were performed using SAS software (version 9.4, SAS Institute, Cary, NC, USA), employing a two-sided test,

with a P-value of 0.05 or less deemed to indicate statistical significance?!.

Results

The comprehensive KNHANES survey included 98,396 participants from 2005 to 2022 after handling missing
data (male: 48.76%). Table 1 presents the demographic characteristics of the participants. Figure 1 displays
the prevalence, awareness, treatment, and control trends of dyslipidemia among individuals aged 30 years and
over for different socioeconomic groups over the past 18 years, segmented into periods before and during the
COVID-19 pandemic.

Prevalence of dyslipidemia

Table 2 shows the trends and differences in the prevalence of dyslipidemia from 2005 to 2022. The weighted
prevalence of dyslipidemia increased consistently from 41.30% (95% CI 40.40-42.21) to 48.41% (95% CI 47.36-
49.47) between 2005 and 2022. Tables 3 and S3 shows the ORs for the prevalence of dyslipidemia across various
socioeconomic groups. Individuals with obesity had significantly higher odds of dyslipidemia (WOR, 5.62
[95% CI 5.01-6.30]). Older population was also significantly associated with increased odds of dyslipidemia
(60-69 years: wOR, 3.25; 95% CI 3.07-3.44; 270 years: wOR, 2.96; 95% CI 2.81-3.13). Additionally, male
sex (WOR, 1.59; 95% CI 1.54-1.65), lower educational background (wOR, 1.95; 95% CI 1.87-2.04]), lower
household income (WOR, 1.60; 95% CI 1.52-1.68]), smoking (WOR, 1.46; 95% CI 1.41-1.51]), central adiposity
(WOR, 3.14; 95% CI 3.03-3.25]), and high-risk alcohol consumption (WOR, 1.18; 95% CI 1.12-1.25]) were also
associated with increased odds of dyslipidemia. As shown in Table S2, the interaction analysis between sex and
other covariates revealed that the influence of sex on dyslipidemia prevalence decreased with older population,
lower income, and lower education levels, whereas it increased among smokers and high-risk drinkers.

Awareness, treatment, and control of dyslipidemia

Table 2 also shows the trends and differences in awareness, treatment, and control of dyslipidemia. The awareness
increased from 17.87% (95% CI 16.75-18.99) to 48.90% (95% CI 47.34-50.47). The treatment began at 7.10%
(95% CI 6.39-7.80) and showed a substantial increase over the past 18 years, reaching 38.19% (95% CI 36.61-
39.76), with a particularly notable rise during the COVID-19 period (B 3.94 [95% CI 1.97-5.92]). Likewise,
control among prevalence showed a significant increase from 6.49% (95% CI 5.79-7.19) to 31.82% (95% CI
30.33-33.32), with further enhancing of this trend during the pandemic (B4 3.52 [95% CI 1.67-5.38]). In
addition, control among treatment steadily increased from 52.55% (95% CI 47.61-57.49) to 74.55% (95% CI
72.56-76.55).

Table 3 shows the ORs for the awareness, treatment, and control of dyslipidemia across various socioeconomic
groups using data aggregated from 2005 to 2022. Males had lower awareness (wOR, 0.51 [95% CI 0.48-0.54]),
treatment (WOR, 0.51 [95% CI 0.48-0.54]), control among prevalence (WOR, 0.40 [95% CI 0.38-0.43]), and
control among treatment (wOR, 0.48 [95% CI 0.43-0.54]). Similarly, smokers had lower awareness (wOR, 0.59
[95% CI 0.56-0.62]), treatment (wOR, 0.59 [95% CI 0.56-0.63]), control among prevalence (wOR, 0.47 [95%
CI 0.44-0.50]), and control among treatment (wOR, 0.48 [95% CI 0.43-0.54]). Likewise, high-risk drinkers had
lower awareness (WOR, 0.67 [95% CI 0.61-0.72]), treatment (wOR, 0.59 [95% CI 0.53-0.65]), control among
prevalence (WOR, 0.55 [95% CI 0.50-0.62]), and control among treatment (wOR, 0.60 [95% CI 0.50-0.73]).
Compared to the younger population, the older population had significantly higher awareness (60-69 years:
wOR, 10.00 [95% CI 8.80-11.36] and =70 years: wOR, 8.35 [95% CI 7.34-9.50]), treatment (60-69 years:
wOR, 18.62 [95% CI 15.28-22.68] and =70 years: wOR, 18.36 [95% CI 15.03-22.44]), and control among
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Total

2005-2009

2010-2012

2013-2015

2016-2019

2020-2022

QOverall, n (%)

98,396

35,005

15,610

13,440

20,601

13,740

Sex, weighted % (95% CI)

Male

48.76 (48.44 to 49.08)

49.05 (48.39 to 49.71)

48.68 (47.96 to 49.40)

47.85 (47.08 to 48.63)

48.78 (48.16 to 49.41)

49.36 (48.59 to 50.13)

Female

51.24 (50.92 to 51.56)

50.95 (50.29 to 51.61)

51.32 (50.60 to 52.04)

52.15 (51.37 to 52.93)

51.22 (50.59 to 51.84)

50.64 (49.87 to 51.41)

Age, years, weighted % (95% CI)

30-39

23.52 (22.95 to 24.09)

28.28 (26.93 t0 29.63)

25.87 (24.57 to 27.18)

23.62 (22.29 to 24.94

21.69 (20.56 to 22.83

20.01 (18.72 to 21.30)

40-49

25.43 (24.94 to 25.92)

28.31 (27.20 to 29.41)

26.95 (25.73 to 28.16)

25.51 (24.41 to 26.62

24.48 (23.54t0 25.43

23.02 (21.83 to 24.21)

50-59

20.27 (19.40 to 21.15)

22.56 (21.52 to 23.60)

23.95 (22.82 to 25.08)

60-69

(

(
2320 (22.75 to 23.65)
15.30 (14.95 to 15.65)

12.82 (12.21 to 13.43)

13.14 (12.46 to 13.83)

14.30 (13.54 to 15.05

16.08 (15.33 to 16.83

18.98 (18.03 to 19.93)

=70

12.55 (12.21 to 12.90)

10.32 (9.69 to 10.96)

11.48 (10.76 to 12.20)

)
)
24.10 (23.03 t0 25.17)
)
)

12.47 (11.69 to 13.25

)
)
24.21 (23.34 10 25.08)
)
13.53 (12.78 to 14.28)

14.04 (13.09 to 14.99)

Region of residence, weighted % (95% CI)

Urban

81.58 (80.26 to 82.90)

79.13 (76.18 to 82.08)

78.34 (74.90 to 81.79)

81.49 (78.46 to 84.51)

83.83 (81.27 to 86.38)

83.51 (80.51 to 86.51)

Rural

18.42 (17.10 to 19.74)

20.87 (17.92 to 23.82)

21.66 (18.21 to 25.10)

18.51 (15.49 to 21.54)

16.17 (13.62 to 18.73)

16.49 (13.49 to 19.49)

BMI group, weighted % (95%

CI?

Underweight 3.17 (3.02 to 3.32) 3.15 (2.84 to 3.45) 3.22 (2.86 t0 3.58) 3.21 (2.86 to 3.55) 3.11 (2.83 to 3.39) 3.19 (2.81 t0 3.57)
Normal 36.05 (35.63 to 36.46) | 34.52 (33.65 to 35.40) | 37.50 (36.48 to 38.51) | 37.87 (36.91 to 38.84) | 36.45 (35.62 to 37.27) | 33.87 (32.89 to 34.86)
Overweight 23.74 (2338 t0 24.10) | 23.32 (22.58 t0 24.07) | 24.28 (23.42 t0 25.14) | 24.47 (23.63 to 25.31) | 23.81 (23.10 to 24.51) | 22.87 (22.00 to 23.74)
Obese 35.38 (34.96 to 35.81) | 31.72 (30.85 to 32.60) | 34.55 (33.54 to 35.56) | 34.37 (33.43 to 35.30) | 36.29 (35.45 t0 37.12) | 38.67 (37.59 to 39.76)
Unknown 1.66 (1.58 to 1.75) 7.28 (6.90 to 7.67) 0.45 (0.30 to 0.61) 0.09 (0.02 to 0.15) 0.35 (0.25 to 0.46) 1.40 (1.16 to 1.63)

Educational background, weighted % (95% CI)

Elementary school or lower

17.26 (16.81 to 17.70)

23.04 (21.98 to 24.10)

20.95 (19.83 to 22.07

18.11 (17.02 to 19.20

14.90 (14.02 to 15.79)

11.84 (10.90 to 12.78)

Middle school

10.95 (10.65 to 11.25)

12.98 (12.30 to 13.66)

12.43 (11.71 to 13.15

11.24 (10.55 to 11.93

10.18 (9.60 to 10.77)

8.82 (8.16 to 9.48)

High school

31.78 (31.28 to 32.29)

30.14 (29.16 to 31.11)

30.56 (29.40 to 31.72)

College or higher

40.01 (39.28 to 40.73)

(
(
34.17 (33.05 to 35.30)
29.81 (28.36 to 31.25)

)
)
33.09 (31.90 to 34.29)
33.53 (31.99 to 35.06)

)
)
32.18 (31.00 to 33.36)
38.48 (36.90 to 40.05)

44.78 (43.21 to 46.35)

48.78 (47.01 to 50.55)

Household income, weighted

9% (95% CI)

Lowest quartile

16.37 (15.89 to 16.85)

17.58 (16.50 to 18.65)

17.50 (16.37 to 18.62

16.55 (15.37 to 17.72

16.12 (15.12to 17.11

14.64 (13.54 to 15.73)

Second quartile

24.69 (24.16 to 25.21)

24.80 (23.65 to 25.94)

27.51 (26.18 to 28.84

24.45 (23.21 to 25.69

24.28 (23.26 to 25.29

22.86 (21.65 to 24.06)

Third quartile

28.84 (28.31 to 29.38)

28.42 (27.26 t0 29.57)

28.11 (26.94 to 29.29

29.63 (28.34 to 30.91)

Highest quartile

30.10 (29.36 to 30.84)

29.21 (27.52 to 30.90)

)
)
)
)

26.88 (25.44 t0 28.32

)
)
29.20 (27.83 to 30.58)
29.80 (28.04 to 31.57)

)
)
28.75 (27.74 t0 29.77)
30.86 (29.36 to 32.35)

32.88 (31.02 to 34.74)

Smoking status, weighted % (95% CI

Current smoker

21.70 (21.31 to 22.09)

24.16 (23.39 to 24.92)

25.71 (24.75 to 26.68)

22.30 (21.36 to 23.23)

20.33 (19.55 to 21.10)

17.53 (16.64 to 18.42)

(
(
(
)
(
(

Ex-smoker 22.98 (22.64 to 23.32) | 20.11 (19.43 to 20.80) | 21.31 (20.52 to 22.10) | 21.32 (20.53 to 22.10) | 23.98 (23.33 to 24.63) | 26.83 (25.98 to 27.67)
Non-smoker 54.34 (53.95 to 54.73) | 49.70 (48.90 to 50.49) | 52.98 (52.11 to 53.85) | 56.38 (55.53 to 57.24) | 55.69 (54.93 to 56.46) | 55.64 (54.62 to 56.66)
Unknown 0.98 (0.91 to 1.04) 6.03 (5.63 to 6.44) N/A N/A N/A N/A

Waist-to-height ratio, weighted % (95% CI)

Normal

46.66 (46.12 to 47.20)

50.89 (49.72 to 52.06)

48.59 (47.30 to 49.87)

49.08 (47.78 to 50.38)

44.65 (43.59 t0 45.71)

41.26 (40.00 to 42.53)

Central adiposity

53.34 (52.80 to 53.88)

49.11 (47.94 to 50.28)

51.41 (50.13 to 52.70)

50.92 (49.62 to 52.22)

55.35 (54.29 to 56.41)

58.74 (57.47 to 60.01)

Daily calorie intake, weighted % (95% CI)

Low

38.59 (38.12 to 39.06)

35.38 (34.44 to 36.31)

39.60 (38.55 to 40.66)

40.02 (38.97 to 41.07)

38.84 (37.93 to 39.74)

38.95 (37.69 to 40.22)

High

46.66 (46.14 to 47.17)

45.29 (44.25 t0 46.33)

47.47 (46.32 t0 48.61)

48.17 (47.07 to 49.26)

47.27 (46.34 to 48.21)

45.22 (43.79 to 46.64)

Unknown

14.75 (14.26 to 15.25)

19.33 (18.54 to 20.12)

12.93 (12.12 to 13.75)

11.81 (11.04 to 12.59)

13.89 (13.29 to 14.49)

15.83 (14.00 to 17.67)

High-risk drinking, weighted

% (95% CI)d

No

85.54 (85.21 to 85.88)

80.94 (80.14 to 81.74)

85.90 (85.07 to 86.73)

86.80 (86.04 to 87.56)

86.94 (86.36 to 87.52)

86.69 (85.90 to 87.49)

Yes

12.91 (12.60 to 13.23)

12.79 (12.12 to 13.46)

13.45 (12.70 to 14.20)

12.21 (11.48 to 12.94)

12.88 (12.31 to 13.45)

13.18 (12.39 to 13.98)

Unknown

1.55 (1.43 to 1.66)

6.27 (5.79 to 6.74)

0.65 (0.38 to 0.93)

0.99 (0.76 to 1.21)

0.18 (0.12 to 0.24)

0.12 (0.05 to 0.20)

Dyslipidemia, weighted % (95% CI)

Normal

54.76 (54.33 to 55.19)

58.70 (57.79 to 59.60)

56.86 (55.90 to 57.83)

55.40 (54.39 to 56.42)

53.00 (52.15 to 53.84)

51.59 (50.53 to 52.65)

Dyslipidemia

45.24 (44.81 to 45.67)

41.30 (40.40 to 42.21)

43.14 (42.17 to 44.10)

44.60 (43.58 t0 45.61)

47.00 (46.16 to 47.85)

48.41 (47.36 t0 49.47)

Table 1. Weighted characteristics of Koreans based on data obtained from the KNHANES from 2005 to 2022
(n=98,396). BMI, body mass index; CI confidence interval; KNHANES, Korea National Health and Nutrition
Examination Survey. The table presents the weighted percentage of each socioeconomic group among the total
participants. *BMI was divided into four groups according to Asian-Pacific guidelines: underweight (< 18.5 kg/
m?), normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?), and obese (> 25 kg/m?). Waist-to-height ratio
was calculated as waist circumference divided by height and categorized into two groups: normal (<0.5) and
central adiposity (20.5). “Daily calorie intake was categorized into two groups: low (below the median) and
high (above the median). YHigh-risk drinking was defined as consuming>7 drinks per occasion for men or >5
for women at least twice per week, classified as ‘yes’ or ‘no’ accordingly.
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Fig. 1. Trends in dyslipidemia prevalence, awareness, treatment, and control rates in population aged > 30
years in South Korea, 2005-2022. The dashed line represents the beginning of the year 2020, marking the
onset of the COVID-19 pandemic.

prevalence (60-69 years: wOR, 11.92 [95% CI 9.89-14.37] and =70 years: wOR, 11.11 [95% CI 9.22-13.40]).
The underweight population had lower awareness and treatment compared to other populations. Overall,
awareness, treatment, and control among prevalence showed similar patterns.

Tables S4 to S7 present the ORs and ratio of ORs (RORs) for each socioeconomic subgroup before and
during the COVID-19 pandemic. During the pandemic, awareness significantly increased among older adults
subgroups (ROR, 3.15 [95% CI 2.27-4.38]), individuals with lower educational background (ROR, 1.81 [95%
CI 1.50-2.18]), and those with lower household income (ROR, 1.48 [95% CI 1.22-1.80]). Additionally, control
among the total prevalence also showed a significant increase in these subgroups (=70 years: ROR, 1.94 [95%
CI 1.24-3.04], elementary school or lower: ROR, 1.49 [95% CI 1.22-1.82], and lowest household income: wOR,
1.36 [95% CI 1.10-1.66]).

Discussion

Key finding

In this study, we examined a comprehensive longitudinal trend analysis of the prevalence, awareness, treatment,
and control of dyslipidemia among a total of 98,396 Korean adults. We observed a consistent increase in
dyslipidemia from 2005 to 2022. Awareness and control among treatment continued to show a significant
increasing trend, in line with the prevalence of dyslipidemia. Over the past 18 years, the treatment and control
rates among individuals with dyslipidemia showed a substantial increasing trend. Notably, during the COVID-19
pandemic, this trend appeared to intensify, with a steeper rise observed in the pandemic period compared to
the pre-pandemic period. The prevalence of dyslipidemia was higher among males, older populations, rural
residents, those with a higher BMI, lower educational attainment, lower household income, smokers, individuals
with central adiposity, and those engaging in high-risk alcohol consumption. Lower awareness, treatment,
and control rates among individuals with dyslipidemia were associated with male sex, younger population,
rural residency, higher educational attainment, higher household income, smoking, and high-risk alcohol
consumption. This study analyzed trends in dyslipidemia, identified the association between the COVID-19
pandemic and high-risk groups, and suggested specific management strategies at the national level.

Comparison with previous studies

Many previous studies have examined the prevalence of dyslipidemia in different countries and regions. Jordan
(81.6%; n=3132) and Ethiopia (66.7%; n=321) had a higher prevalence than South Korea, while China (31.2%;
n=65,128) had a lower prevalence than South Korea?>~2%, This Chinese study identified common risk factors
for dyslipidemia, such as male sex, obesity, and smoking, in line with our research. However, contrary to our
findings, a higher prevalence was noted among urban residents*!. As of research in China (n=135,403), the
awareness of dyslipidemia was higher than ours (64%; n=36,958), with similar treatment (18.9%; n=6993)
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During the Trend
Pre-pandemic pandemic Trends in the pre- Trends in the differences,
pandemic era, 8 pandemic era, (8 Bdiff (95%
Variables Rate 2005-2009 2010-2012 | 2013-2015 |2016-2019 2020-2022 (95% CI)? (95% CI)* CI)?
41.30 (40.40 43.14 (42.17 | 44.60 (43.58 | 47.00 (46.16 48.41 (47.36 to —0.45 (-1.87 to
Prevalence t0 42.21) to 44.10) to 45.61) to 47.85) 149.47) 1.86 (1.47 to 2.26) 1.41 (0.05 to 2.78) 0.97)
17.87 (16.75 23.48 (22.15 | 31.42(30.10 | 40.38 (39.19 | 48.90 (47.34 to 0.92 (-1.13 to
Awareness to 18.99) to 24.80) to 32.75) to 41.57) 50.47) 7.61 (7.08 to 8.13) 8.52 (6.55 to 10.50) 2.96)
7.10 (6.39 to 13.37(12.34 | 18.83 (17.72 | 27.52(26.42 38.19 (36.61 to 3.94 (1.97 to
Treatment 7.80) to 14.41) to 19.95) 10 28.62) 39.76) 6.72 (6.30 to 7.15) 10.67 (8.74 to 12.59) 5.92)
Overall
Sn‘i';;“ﬂ 649(579t0 | 1061 (977 | 1562(1459 | 2284(21.82 | 3182(30.3310 | o 4cic0710586) | 8.99 (71710 1080) | 3521670
8 7.19) to 11.45) to 16.65) to 23.86) 33.32) : : : : : : 5.38)
prevalence
gﬂ‘i‘;:d 52,55 (47.61 | 54.68 (50.80 | 63.10 (60.04 | 69.20 (67.10 | 7455 (725610 | ¢ 10y oo 2oes | 536 (2astoss) | 092 (41810
8 to 57.49) to 58.56) t0 66.16) to 71.30) 76.55) . ) : . . - 2.35)
treatment
Sex
48.14 (46.85 48.50 (47.00 | 50.91 (49.39 | 52.61 (51.44 53.93 (52.39 to _ -0.27 (-2.29 to
Prevalence | 749 42) t050.00) | t05242) | t053.79) 55.47) 159 (1.03t02.15) | 1.32(-0.62t03.26) |, 75,
15.12 (13.67 18.92(17.24 |23.11(21.48 | 32.14 (30.61 40.78 (38.80 to 3.02 (0.43 to
Awareness to 16.57) to 20.60) to 24.75) t0 33.67) £2.76) 5.61 (4.94 to 6.29) 8.64 (6.13 to 11.14) 5.62)
496 (4.18to | 9.82(8.64to | 13.28 (11.95 | 21.14 (19.76 30.91 (28.98 to 4.52 (2.09 to
Male Treatment 5.74) 10.99) to 14.60) t0 22.51) 32.84) 5.26 (4.74 to 5.77) 9.77 (7.40 to 12.15) 6.95)
aclz';;ml 440 (3.60to | 6.62 (5.68to | 9.02 (7.90 to | 15.75 (14.59 | 22.58 (20.88 to 372(2710417) | 683 (477t0889) | 11 (1.00 to
8 5.19) 7.57) 10.14) to 16.91) 24.28) : - : . : : 5.22)
prevalence
acn‘flro‘;r"l 4191 (33.57 | 42.14(35.96 | 52.42 (46.59 | 61.29 (57.72 | 64.93 (61.37 to 783 (531101035) | 3.65 (_140t0870) | +18(-98310
g to 50.24) to 48.32) to 58.25) to 64.86) 68.49) : . . . : : 1.46)
treatment
34.73 (33.59 38.05 (36.77 | 38.80 (37.56 | 41.66 (40.54 43.04 (41.61 to _ —-0.77 (-2.68 to
Prevalence t0 35.87) t0 39.33) to 40.04) t0 42.78) 44.46) 2.15 (1.64 to 2.66) 1.38 (-0.46 to 3.22) 1.13)
21.54 (19.91 28.99 (27.10 | 41.43 (39.36 | 50.29 (48.69 58.83 (56.78 to —1.36 (—4.06 to
Awareness t0 23.18) to 30.89) to 43.50) t051.89) 60.87) 9.90 (9.16 t0 10.63) | 8.54(5.93 to 11.14) 1.35)
9.95(8.78to | 17.68 (16.01 | 25.52(23.81 | 35.20(33.67 | 47.07 (45.01 to 3.47 (0.83 to
. Treatment 11.12) to 19.34) to0 27.24) 10 36.73) 19.13) 8.41 (7.77 t0 9.04) 11.87 (9.31 to 14.43) 6.11)
emale
S;E:Ol 930 (8.14t0 | 1544 (1401 | 2358 (21.86 | 3146 (29.92 | 4321 (411910 |, 55 6 agi0813) | 1174 (920 to 14.28) | 424 (16210
8 10.46) to 16.87) to 25.31) to 33.01) 45.22) : . : : - - 6.86)
prevalence
aCnT(;:Ol 59.54 (53.58 63.15 (58.85 | 69.66 (66.23 | 74.95 (72.60 82.21 (80.06 to 5.46 (3.73 10 7.18) 7.26 (4.07 to 10.44) 1.80 (-1.83 to
8 to 65.49) to 67.45) to 73.09) to 77.30) 84.36) : : . - . . 5.43)
treatment
Age, years
31.37 (29.72 30.45 (28.52 | 30.83 (28.71 | 30.42 (28.79 30.24 (27.93 to _ _ _ _ 0.07 (-2.86 to
Prevalence | {33 02) t03238) | t03294) | to32.05) 32.55) 025(~1.01100.50) | -0.18 (-3.01t02.65) | 374
8.25(6.34to | 8.21(5.92to | 10.42(7.99 10.46 (8.41to | 11.53 (8.73 to _ _ 0.20 (-3.39 to
Awareness 10.16) 10.51) to 12.85) 12.51) 14.34) 0.88 (—0.03 to 1.78) 1.07 (-2.40 to 4.54) 3.78)
1.46 (0.65to | 2.02 (0.85to | 3.02 (1.77 to | 3.56 (2.40 to 2.07 (-0.38 to
3039 Treatment 2.26) 3.19) 426) 471) 6.36 (4.24 to 8.47) | 0.73 (0.28 to 1.18) 2.80 (0.39 to 5.21) 452)
gn"l';;ml 225(126t0 | 252(131t0 | 340 (201t | 479 (34310 | 5o 31 0000 | 0.8 (031t01.37) | L12 (146 t03.69) | 028 (23510
g 3.23) 3.72) 4.78) 6.15) : : : : ) : : : : 2.91)
prevalence
Control | 33 13 (5790 | 34.00 (6.44 | 34.59 (13.95 | 59.91 (43.47 | 60.07 (42.38 to 0.16 (-24.07 to -9.08 (-35.32
among : : ) N . : ' : : i 9.24 (-0.81 to 19.30) . : . i
60.47) to 61.56) to 55.22) to 76.35) 77.76) 24.39) to 17.15)
treatment
37.99 (3631 | 37.92(35.96 | 37.48 (35.51 | 40.26 (38.69 | 41.81 (39.82 to ~ ~ 0.91 (-1.73 to
Prevalence t0 39.66) t0 39.87) to 39.46) to 41.84) 43.80) 0.64 (=0.10 to 1.39) 1.55 (—0.98 to 4.08) 3.54)
15.19 (13.16 14.80 (12.38 | 20.95 (18.09 | 24.83 (22.34 31.93 (28.75 to 3.59 (-0.58 to
Awareness t0 17.22) to 17.23) t0 23.81) to 27.33) 35.11) 3.51 (2.47 to 4.54) 7.10 (3.06 to 11.14) 7.76)
3.79 (2.74 to 5.47 (3.98 to | 9.80 (7.73 to | 12.54 (10.49 21.12 (18.27 to 5.53 (1.94 to
ot Treatment 1.85) 6.95) 11.87) to 14.59) 23.97) 3.05 (2.31 to 3.80) 8.58 (5.07 to 12.09) 9.12)
5;2:01 4.75(3.51to | 5.50 (3.97to | 8.76 (6.76 to | 11.28 (9.55 to | 17.32 (14.75 to 2.29 (1.60 t0 2.97) 6.04 (2.93 t0 9.15) 3.75(0.57 to
8 5.98) 7.04) 10.76) 13.01) 19.90) - . ) . . : 6.93)
prevalence
S;E:Ol 46.53 (32.66 | 52.67 (37.86 | 53.88 (42.18 | 66.23 (57.54 | 67.30 (60.58 to 6.66 (147 to 11.84) | 1.07 (=9.90 to 12.05) —5.58 (-17.72
g to 60.39) to 67.48) to 65.58) to 74.92) 74.03) . : : ! : : t0 6.56)
treatment
Continued
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During the Trend
Pre-pandemic pandemic Trends in the pre- Trends in the differences,
pandemic era, 8 pandemic era, (8 Bdiff (95%
Variables Rate 2005-2009 2010-2012 | 2013-2015 |2016-2019 2020-2022 (95% CI)? (95% CI)* CI)?
47.46 (45.53 50.41 (48.36 | 49.99 (48.00 | 52.86 (51.13 54.13 (51.94 to _ —-0.30 (-3.21 to
Prevalence to 49.39) to 52.47) to 51.97) {0 54.59) 56.32) 1.57 (0.75 to 2.40) 1.27 (-1.52 to 4.06) 261)
26.74 (24.06 | 29.18 (26.48 | 34.33 (31.70 | 43.83 (41.66 | 49.91 (46.92 to 0.23 (-3.61 to
Awareness t029.41) to 31.89) t0 36.96) to 46.00) 52.89) 5.85 (4.77 to 6.94) 6.08 (2.40 t0 9.77) 407)
10.34 (8.61 to | 16.53 (14.39 | 18.67 (16.42 | 28.17 (26.09 37.01 (34.08 to 3.18 (-0.51 to
s050 Treatment 12.06) to 18.68) t0 20.92) t0 30.25) 39.94) 5.66 (4.77 to 6.55) 8.84 (5.26 to 12.43) 6.88)
Control
9.64 (7.98 to 12.27 (10.61 | 16.06 (13.93 | 22.91 (20.98 29.89 (27.06 to 2.49 (-1.04 to
among |4y 5 t013.94) | to18.18) | to24.85) 32.73) 449(3.67t0531) | 698(3.55t010.42) | 5,
prevalence
Control
50.63 (41.67 51.04 (43.83 | 62.60 (55.95 | 66.43 (62.00 72.63 (68.16 to _ —0.03 (-6.99 to
among | 4 59 5g) t05825) | t069.25) | t070.87) 77.11) 6.24(3:32109.15) | 620(-0.12101252) | ¢ 55,
treatment
53.06 (51.02 57.01 (54.73 | 57.86 (55.70 | 61.90 (60.07 60.66 (58.52 to _ _ -3.99 (-6.94 to
Prevalence to 55.10) t0 59.29) t0 60.01) t0 63.73) 62.81) 2.76 (1.88 to 3.64) 1.23 (-4.05 to 1.59) ~1.04)
25.18 (22.45 | 38.84 (36.02 | 51.44 (48.60 | 58.34 (56.02 | 64.88 (62.14 to ~4.41 (-8.19 to
Awareness to 27.90) to 41.65) to 54.28) t0 60.65) 67.62) 10.96 (9.82 to 12.10) | 6.55 (2.94 to 10.15) ~0.63)
13.82(11.84 | 26.53(23.97 |33.89(31.27 | 43.63 (41.38 53.00 (50.25 to —0.22 (-3.92 to
6069 Treatment to 15.79) t0 29.08) to0 36.50) to 45.87) 55.75) 9.60 (8.61 to 10.58) | 9.37 (5.81 to 12.94) 3.47)
Control
11.14 (9.18 to | 20.79 (18.49 | 28.46 (25.82 | 35.45 (33.08 46.03 (43.27 to 2.61(-1.19to
among 1310) £0.23.08) t31.10) t0.37.6%) 48.80) 7.97(697108.98) | 1058 (692t014.24) | /o
prevalence
Control
59.30 (51.68 57.60 (51.44 | 67.20 (62.87 | 69.33 (66.11 77.45 (74.26 to 3.71 (-1.40 to
among |\ e g1y ©06376) | t071.53) | t072.55) 80.64) 441(2.04t06.77) | 8.12(3.591012.65) | 'y
treatment
50.92 (48.73 53.79 (51.46 | 59.60 (57.41 | 57.60 (55.73 58.83 (56.77 to _ —1.20 (-4.13 to
Prevalence | {53 15) t056.12) | t061.79) | t059.47) 60.89) 244(152103.36) | 123(-154t0401) |, )
Awareness 13.90 (11.75 28.16 (24.99 | 38.49 (35.37 | 56.79 (54.19 72.21 (69.63 to 14.05 (12.91 to 15.42 (11.75 to 1.37 (-2.46 to
to 16.04) to 31.34) to 41.61) to 59.39) 74.78) 15.19) 19.08) 5.21)
Treatment 8.74 (6.98 to | 19.16 (16.36 | 29.48 (26.56 | 45.12 (42.63 62.58 (59.75 to 12.13 (11.09 to 17.45 (13.69 to 5.32 (1.41 to
>0 10.50) to 21.96) to 32.40) to 47.62) 65.40) 13.17) 21.22) 9.23)
Control
5.56 (4.08 to 14.15 (11.75 | 21.76 (19.21 | 37.25(34.77 52.12 (49.24 to 14.87 (11.07 to 4.36 (0.44 to
amons 7.04) t0 16.55) t0 24.30) t0 39.73) 55.00) 1050 (9.53to 11.48) | 15'67) 8.29)
prevalence
Control
54.09 (43.01 59.46 (52.81 | 65.15 (59.89 | 73.66 (70.45 76.86 (73.84 to _ —3.76 (—8.96 to
among to 65.16) to 66.12) to 70.42) to 76.87) 79.88) 6.95(4.20t09.70) | 3.20(-1.22t07.62) | oy
treatment
Region of residence
40.80 (39.78 42,55 (41.46 | 43.50 (42.35 | 46.46 (45.55 47.90 (46.72 to _ —0.38 (-1.95 to
Prevalence to 41.81) to 43.64) to 44.65) to0 47.38) 49.08) 1.82 (1.38 to 2.25) 1.44 (-0.07 to 2.94) 1.19)
| 18.66(17.33 24.32 (22.78 | 32.22(30.76 | 40.10 (38.77 | 48.84 (47.08 to 1.48 (-0.81 to
Awareness to 19.98) to 25.86) to 33.69) to 41.42) 50.61) 7.27 (6.67 to 7.87) 8.75 (6.54 to 10.96) 3.77)
7.35 (6.52 to 13.98 (12.81 | 19.68 (18.42 | 27.13(25.92 37.97 (36.18 to 4.31 (2.09 to
Urban Treatment 8.18) to 15.15) t0 20.95) to 28.35) 39.75) 6.53 (6.05 to 7.01) 10.83 (8.68 to 12.99) 6.52)
Control
6.94 (6.10to | 11.08 (10.10 | 16.35(15.17 | 22.64 (21.53 31.95(30.24 to 4.03 (1.95 to
among | 7y t012.06) | t017.53) | to23.74) 33.67) 5.28 (4.84105.73)  |9.32(7.28t011.35) | 1)
prevalence
Control
52.65 (47.16 55.25(51.08 | 63.92 (60.46 | 69.63 (67.32 75.34 (73.06 to —0.59 (-4.23 to
among | g 14 059.41) | 1067.39) | to071.94) 77.61) 630(4.64t07.95) | 5.71(246t08.95) |, ;o
treatment
4323 (41.24 | 45.26 (43.15 | 49.42 (47.04 | 49.79 (47.61 51.02 (48.53 to _ —1.17 (-4.62 to
Prevalence | 45 23) t047.36) | t051.79)  |t051.97) 53.52) 240 (146t03.34) 1123 (-20910455) | ) )
15.06 (13.24 | 20.61 (18.10 | 28.32(25.22 | 41.74 (38.94 | 49.19 (45.87 to —1.34 (-5.84 to
Awareness to 16.88) t023.13) to 31.43) to 44.54) 52.51) 8.79 (7.71 to 9.88) 7.45 (3.08 to 11.81) 3.15)
6.18 (4.96to | 11.31(9.18 15.56 (13.33 | 29.39 (26.69 39.22(35.90 to 2.44 (-1.99 to
Rural Treatment 7.40) to 13.44) to 17.78) t0 32.10) 12.55) 7.39 (6.43 to 8.36) 9.83 (5.51 to 14.15) 6.36)
Control
491 (3.83t0 |9.02(7.45t0 | 12.81 (10.84 | 23.81 (21.10 | 31.21 (28.17 to 135 (-2.85to
among 5.99) 10.60) to 14.78) t0 26.52) 34.24) 6.05 (5.13 to 6.96) 7.39 (3.29 to 11.50) 5.55)
prevalence
Control
52.11 (40.76 52.29 (42.18 | 59.18 (52.94 | 67.25 (62.05 70.95 (66.84 to _ —2.40 (-10.00
among to 63.46) to 62.39) to 65.41) to 72.44) 75.07) 6.11(242t09.80) | 371(-293t010.34) | 51
treatment
BMI group®
Continued
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During the Trend
Pre-pandemic pandemic Trends in the pre- Trends in the differences,
pandemic era, 8 pandemic era, (8 Bdiff (95%
Variables Rate 2005-2009 | 2010-2012 |2013-2015 |2016-2019 | 2020-2022 (95% CI)* (95% CI)* CI)?
18.70 (15.03 | 21.50 (17.16 | 21.31 (17.21 | 19.04 (15.73 | 22.39 (17.77 to B ~ 3.31(-2.61 to
Prevalence t0 22.37) to 25.84) to 25.40) {0 22.36) 27.02) 0.04 (-1.56 to 1.63) 3.35(-2.36 t0 9.05) 9.23)
7.50 (2.87to | 1551 (8.06 |19.38 (11.84 |31.15(22.08 |49.21 (37.72to 10.57 (-4.43 to
Awareness 12.12) t0 22.97) to 26.91) to 40.22) 60.69) 7.48 (4.18 t0 10.78) | 18.06 (3.42 to 32.69) 25.58)
1.94 (0.00to | 9.01 (3.04t0 | 1336 (6.63 | 13.80 (8.07 to | 36.20 (24.94 to 18.47 (5.65 to
. Treatment 3.87) 14.98) t0 20.10) 19.54) 17.45) 3.92 (1.82 to 6.03) 22.39 (9.75 to 35.04) 31.29)
Underweight
Sn‘i';;“’l 384(0.14t0 |685(229t0 | 1378 (7.14 | 2427 (1600 | 41.20(29.3610 | o1 (40410978) | 16.93 (2.50 to 31.36) | 002 (47010
8 7.53) 11.41) t0 20.43) to 32.53) 53.03) B : e . 24.74)
prevalence
Control | ;) 46 (2668 | 39.05 (1056 | 73.95 (48.00 | 84.72 (68.05 | 86.72 (74.16 to 2.00 (~18.89 to ~13.94 (-39.33
among . R : : ; . g R : : 15.94 (1.52 to 30.36) | = : : :
to 100.00) to 67.55) t0 99.90) to 100.00) 99.28) 22.90) to 11.45)
treatment
31.59 (3027 | 31.12(29.69 |32.52 (31.01 |34.56(33.32 | 35.15(33.42to ~ —0.47 (-2.69 to
Prevalence t0 32.91) to 32.56) to 34.03) t0 35.80) 36.87) 1.07 (0.48 to 1.65) 0.59 (-1.55t0 2.73) 1.74)
15.74 (13.70 | 20.65 (18.47 | 30.97 (28.49 |39.22 (37.11 | 50.15 (47.36 to 2.80 (-0.84 to
Awareness | 7o 10 2282) 10 33.46) t0.4133) 22.94) 813 (7.19109.08) | 10.93(7.42t0 14.44) | (o)
527 (4.18t0 |11.28(9.40 |17.96(15.85 |25.93(24.09 |38.19 (35.44 to 5.36 (1.97 to
Treatment | 257, 10 13.15) 10 20.08) t0.27.77) 10.94) 6.90(6.19107.62) | 12.26 (8.94t015.58) | oz
Normal
Control | ¢ o (59740 | 11.07 (942 | 18.77 (16.64 | 24.56 (22.76 | 36.62 (33.81 to 5.87 (2.44 to
among 7.88) 1012.72) 0 20.90) t02637) 39.43) 6.19(5.46106.92) | 12.06 (8.71t0 15.40) | g0,
prevalence
Control | 074 (5051 | 67.87 (60.65 | 71.74 (65.75 | 76.62 (73.06 | 83.94 (8081 to 246 (=3.07 to
among | /0 gy 07508) | t077.73) | t080.19) 87.07) 486 (2.02t07.71) | 7.32(2.571012.07) |5 'gq
treatment
46.66 (44.88 | 44.68 (42.66 | 47.40 (45.43 | 49.12 (47.45 | 50.60 (48.60 to ~ 0.43 (-2.30 to
Prevalence |\ e 44 046.69) | 104937) | to50.79) 52.61) 1.05(0.27t0 1.84) | 148 (-113t04.10) |35
16.27 (14.31 | 24.23 (21.74 | 32.51 (29.92 | 40.81 (38.52 | 50.47 (47.53 to 1.47 (-2.39 to
Awareness to 18.23) to0 26.71) t0 35.10) to 43.09) 53.41) 8.19 (7.22 t0 9.17) 9.66 (5.93 to 13.40) 533)
6.59 (536 t0 | 12.90 (11.09 | 18.95 (16.85 |27.27 (25.26 | 40.08 (37.27 to 5.97 (2.43 to
o ) Treatment 7.82) to 14.71) to 21.05) t0 29.28) £2.88) 6.84 (6.07 to 7.61) 12.81 (9.35 to 16.26) 9.51)
verweight
aCIzE:Ol 6.40 (5.14to | 11.82(9.99 |15.51 (13.62 |22.51(20.64 | 34.89 (32.06 to 523(450t05.96) | 12.38 (8.98 to 15.78) | 7-13 (3:67to
8 7.66) to 13.65) to 17.40) to 24.38) 37.72) o2 : RAAA : 10.62)
prevalence
Sn‘fl'(:;ml 55.13 (45.67 | 5891 (50.91 | 62.60 (5673 | 68.05 (6422 | 79.52(76.1210 | 444 () s4107.33) | 11.48 (637 to 16.59) | 7-04 (117 t0
8 to 64.60) t0 66.92) to 68.48) to 71.87) 82.93) <A : A8 10. - 12.92)
treatment
58.22 (56.52 | 57.24 (55.57 | 58.02 (56.26 | 60.53 (59.20 | 60.82 (59.24 to ~ —0.56 (-2.74 to
Prevalence t0 59.91) t0 58.92) t0 59.78) t0 61.86) 62.39) 0.84 (0.16 to 1.53) 0.28 (-1.78 to 2.35) 1.62)
19.41 (17.65 | 25.05(23.10 | 31.49 (29.46 | 41.01 (39.36 | 47.15 (44.95 to ~1.08 (-3.94 to
Awareness t0 21.18) to 27.00) to 33.53) to 42.66) 14934) 7.21 (6.44 to 7.99) 6.13 (3.38 to 8.89) 1.78)
8.27(7.15t0 | 15.03 (13.45 | 19.51 (17.84 |28.85(27.24 | 36.91 (34.80 to 1.38 (-1.36 to
Obese Treatment 9.38) to 16.61) t0 21.18) to 30.45) 39.03) 6.69 (6.04 to 7.34) 8.07 (5.40 to 10.73) £12)
Slfl‘;:"l 6.60 (559 t0 |9.80(8.58 to | 13.79 (12.37 | 21.94 (20.49 | 27.44 (25.49 to 5.11(45410568) | 550 (3.07t07.94) | 039 (21110
8 7.60) 11.01) to 15.20) t0 23.39) 29.40) A - RN : 2.89)
prevalence
acnz’;;ml 48.58 (41.49 | 46.88 (41.27 | 57.94 (53.61 | 65.70 (62.67 | 66.88 (63.74 to 722(5.05t09.40) | 118 (-3.18t05.54) | ~6:04(-1091
8 t0 55.67) to 52.50) t0 62.26) t0 68.73) 70.02) el - : : . to-1.17)
treatment
Educational background
4837 (46.74 | 54.16 (52.19 | 59.19 (57.19 | 59.47 (57.57 | 59.84 (57.42 to ~ -3.57 (-6.75 to
Prevalence | 'S0 01) 05612) |t06120) | to61.37) 62.25) 394(3.13t04.74) | 0.37(-271103.45) | 739
18.16 (16.20 | 28.86 (26.29 | 39.65 (36.97 | 57.05 (54.57 | 67.88 (64.89 to 12.69 (11.68 to ~1.87 (——5.91
Awareness | (5 12) t031.44)  |t04232) | to59.54) 70.87) 13.71) 10.83 (6.92t0 14.73) |, 5 1)
9.62 (82410 |20.02(17.63 | 26.92 (24.61 |42.49 (40.18 | 58.56 (55.58 to 16.07 (12.28 to 5.58 (1.69 to
Elementary | Treatment | 1, 5, 102242)  |102923) | to44.80) 61.54) 10.50 (9.63 to 11.36) | ;4'g7) 9.47)
school or
lower gn"l';;ml 659 (54710 | 15.12(13.19 | 2086 (1875 | 3376 (31.35 | 48.07 (448210 | g o ogyroosg) | 14:31(10.27t0 5.64 (1.52 to
4 7.72) to 17.04) t0 22.96) t0 36.16) 51.31) W07 . 18.35) 9.77)
prevalence
acn‘fl‘;;ml 50.79 (43.60 | 57.82 (52.23 | 62.71 (57.87 | 68.60 (65.13 | 76.03 (72.46 to 570(3.40108.00) | 7.43 (245 to 12.40) | V7337510
g to 57.97) to 63.42) to 67.56) to 72.07) 79.59) /910 g Aol . 7.21)
treatment
Continued
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During the Trend

Pre-pandemic pandemic Trends in the pre- Trends in the differences,

pandemic era, 8 pandemic era, (8 Bdiff (95%
Variables Rate 2005-2009 | 2010-2012 | 2013-2015 |2016-2019 | 2020-2022 (95% CI)®* (95% CI)* CI)?

43.26 (40.91 | 49.50 (46.66 | 53.81 (50.97 | 58.20 (55.78 | 58.48 (55.61 to ] ~4.65 (-8.56 to
Prevalence to 45.61) to 52.33) t0 56.66) 10 60.62) 61.35) 4.93 (3.84 t0 6.01) 0.28 (-3.48 t0 4.04) —0.74)

2077 (18.06 | 32.52(29.01 |41.91 (38.24 | 53.11 (50.10 | 65.65 (61.85 to 1.92 (-3.09 to
Awareness to 23.48) to 36.03) to 45.57) t056.11) 69.45) 10.63 (9.31 to 11.95) | 12.54 (7.71 to 17.38) 6.92)

10.42 (8.34to | 18.86 (16.03 | 24.01 (20.98 | 39.08 (36.05 | 53.95 (50.12 to 5.67 (0.64 to

Middle Treatment | 5’57, t021.68)  |1027.03) | to42.12) 57.78) 9.20 (8.00 to 10.40) | 14.87 (9.99 0 19.75) | 11 cq)
school Sn‘i';;ml 8.59 (6630 |1539(12.73 | 2121 (18.15 | 31.54 (2883 | 4622 (423710 |, ) (6 43 108.60) | 14,68 (9.97 t0 19.39) | 717 (23310
8 10.56) to 18.04) t0 24.27) to 34.25) 50.07) 2110 - -08 19 . 12.00)
prevalence
g;‘;:"l 58.82 (47.77 | 5540 (4616 | 67.21(60.38 | 68.64 (6407 | 7588715310 | 42 22 10805) | 7.23 (09210 13.54) | 260 (45710
g to 69.86) to 64.64) to 74.04) to 73.22) 80.22) -0 L g -4 (0 . 9.78)
treatment

3833 (36.75 | 39.78 (38.00 | 42.44 (40.66 | 47.65 (46.16 | 50.93 (48.95 to 0.20 (-2.38 to
Prevalence t0 39.91) to 41.56) to 44.22) t049.15) 52.91) 3.07 (2.37 t0 3.77) 3.27 (0.79 to 5.75) 2.78)

17.11 (1518 | 21.13 (18.97 | 30.11 (27.78 | 39.49 (37.53 | 50.65 (48.07 to 3.48 (0.11 to
Awareness | | g 0o 025.29) 20 32.44) 0 41.45) 23.21) 7.69(680t08.57) | 1117 (7.91t014.42) | ey

519 (4.06to | 10.93(9.31 |17.32 (1534 | 26.95(25.12 | 38.91 (36.22 to 4.74 (1.40 to

. Treatment | 32y 0 1255) 0 19.30) t0.28.7) 1161) 7.23(653107.93) | 1197 (8.71t01523) | oy

igh school

Control | ¢ 41 (5130 |9.15(7.77 to | 15.02 (1330 | 22.12 (2044 | 31.76 (29.31 to 4.27 (1.23 to
among 7.68) 1033) 0 1674) 023.80) 3420) 536(4.69106.04) | 9.64(6.67t012.60) |7
prevalence
Control | o) 7) (4221 | 56.91 (4951 | 63.29 (57.27 | 69.03 (65.41 | 73.40 (69.79 to ~1.34(-7.23 to
among | {3 93y t06431) | 1069.32) | t072.65) 77.01) 5.71(2.80108.63) | 437(-074109.48) |,
treatment

38.40 (36.71 | 37.21(35.48 | 36.84 (35.21 | 39.87 (38.68 | 42.25 (40.85 to _ 1.82 (-0.13 to
Prevalence | | " 10) ©038.93) | 103846) | to41.05) 43.65) 0.56 (-0.09t01.21) | 2.38(0.54t04.22) | ;')

17.03 (14.85 | 16.60 (14.44 | 22.01 (19.88 | 28.60 (26.74 | 36.87 (34.59 to 4.01 (0.93 to
Awareness t0 19.21) to 18.76) t024.13) to 30.45) 39.15) 4.26 (3.35 t0 5.17) 8.27 (5.33 to 11.22) 7.10)

5.19(3.93to |7.20 (5.84to | 11.98 (1039 | 16.71 (15.14 | 26.69 (24.52 to 5.95 (3.17 to

Collegeor | reatment | <5 8.55) t013.56) | to 18.29) 28.86) 4.03(3.37t04.69) | 9.97(7.281012.67) | g7,
high
e acrz';tn“’l 547 (41510 | 573 (44710 | 9.96 B44to | 1530 (1388 | 2293 (208310 | 3565 0310a19) | 7.63(5.091010.17) | 407 (14510
8 6.79) 6.98) 11.48) to 16.72) 25.03) 20 RS . 03 1> - 6.69)
prevalence
Sn‘fl'(:;ml 48.97 (36,88 | 4235 (3338 | 60.00 (52.74 | 70.57 (6621 | 7406 (700310 | g a7 (¢ 261013 38) | 3.49 (246 109.45) | 637 (1329
8 to 61.05) to 51.32) to 67.27) to 74.93) 78.09) -6716. . : : . t0 0.54)
treatment
Household income
47.04 (45.01 | 51.26 (49.08 | 57.39 (55.21 | 56.14 (54.25 | 57.66 (55.27 to ~ ~1.79 (-4.97 to
Prevalence to 49.06) to 53.44) t0 59.57) 10 58.03) 50.04) 3.31 (2.42 to 4.20) 1.52 (-1.53 to 4.57) 138)
| 1728 (1492|2620 (23.51 | 36.28 (33.49 | 52.09 (49.54 | 61.60 (58.31t0 | 11.55 (10.44 to ~2.05 (-6.36 to
Awareness | 9 g5) t028.89)  |1039.07) | to54.64) 64.88) 12.67) 9.51(5341013.67) |,y
8.85(7.32to | 17.54 (15.14 | 23.40 (20.98 | 38.43 (35.97 | 50.31 (47.06 to 2.33 (-1.86 to
Lowest Treatment 10.38) t0 19.93) to0 25.82) to 40.89) 53.56) 9.55 (8.60 to 10.51) 11.88 (7.80 to 15.96) 6.51)
quartile Control ( ( ( ( ( (

639 (5.04to | 12.78 (10.94 | 17.94 (15.71 |29.95(27.72 | 41.61 (38.45 to 4.01 (0.05 to
among 773) 0 1463) 1920.16) 0 32.18) 477) 7.6 (6.82108.50) | 1167 (7.80t015.53) | gy
prevalence
Control | 51 164215 | 5430 (47.01 | 61.33 (55.66 | 66.14 (6218 | 74.78 (7109 to 3.25(-2.84 to
among | e 17y 06159 | t067.01) | t070.10) 78.47) 5.39(2.57t08.21) | 8.64(3.24t014.04) | o'y,
treatment

42.63 (40.79 | 42.66 (40.80 | 45.65 (43.56 | 47.58 (45.97 | 51.49 (49.43 to 2.09 (~0.65 to
Prevalence | | "/ o 4453) o 7.73) t0.29.20) 53.54) 181(103102.59) | 390 (1.28106.53) | 'co)

15.85(13.92 | 2429 (21.95 | 33.16 (30.61 | 41.08 (38.77 | 49.91 (47.11 to 0.39 (-3.37 to
Awareness t0 17.78) to 26.63) t035.72) to 43.38) 52.72) 8.45 (7.48 t0 9.42) 8.84 (5.20 to 12.47) 415)

6.95(5.66to | 13.88 (12.04 | 19.42 (17.32 | 28.51 (26.40 | 40.91 (38.08 to 5.34(1.72 to
Second Treatment | o5} 101572)  |t021.52) | to30.62) 43.75) 7.06(6.26t07.87) | 1240 (8.87t015.93) | oo
quartile Control

5.84 (4.63to | 10.86(9.14 | 17.81 (15.81 |23.87 (21.78 | 33.21 (30.54 to 3.22 (~0.26 to
among >04) 101257) 0 19.81) 0.25.96) 35.87) 612(5.3510690) |9.34(5951012.72) | o)
prevalence
acn‘fl‘;;ml 51.93 (42.75 | 52.50 (44.79 | 65.96 (60.36 | 72.78 (69.07 | 74.74 (70.96 to 836 (55210 1119) | 195 (_334107.25) | ~6-40(-12.41

g to 61.11) to 60.20) to 71.56) to 76.50) 78.52) =20 (> : : : : to —0.40)
treatment
Continued
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During the Trend
Pre-pandemic pandemic Trends in the pre- Trends in the differences,
pandemic era, 8 pandemic era, (8 Bdiff (95%
Variables Rate 2005-2009 | 2010-2012 | 2013-2015 | 2016-2019 | 2020-2022 (95% CI)? (95% CI)? CI)?*
37.96 (36.19 | 40.32 (38.55 | 39.95 (37.99 | 44.96 (43.31 | 45.58 (43.56 to ~ —1.48 (-4.20 to
Prevalence t0 39.72) to 42.10) to 41.91) to 46.60) 47.60) 2.10 (1.33 to 2.87) 0.62 (—2.00 to 3.24) 1.25)
1599 (13.91 | 21.63 (19.14 |29.18 (26.56 | 36.87 (34.57 | 45.98 (43.07 to 2.05 (~1.79 to
Awareness to 18.08) to 24.11) to 31.80) t0 39.16) 48.89) 7.06 (6.05 to 8.07) 9.11 (5.40 to 12.82) 5.89)
6.13(4.81to |11.50(9.69 |16.69 (14.54 |24.31(22.30 |34.22(31.36t0 3.89 (0.30 to
) ) Treatment 7.45) to 13.31) to 18.85) 10 26.31) 37.08) 6.03 (5.23 to 6.82) 9.91 (6.42 to 13.41) 7.47)
Third quartile
Sn‘i';:‘ﬂ 538 (4.20to | 9.10 (7.54 to | 12.88 (11.08 | 21.17 (19.33 | 29.66 (27.05 to 522(4.5110594) | 849 (5.31t011.68) | 327 (0000
8 6.56) 10.67) to 14.69) to 23.00) 32.27) e : s : 6.53)
prevalence
Sﬂ‘i‘;:‘ﬂ 53.16 (41.69 | 56.56 (48.66 | 59.48 (52.38 | 70.68 (66.53 | 75.87 (71.96 to 654(335109.74) | 5.19(-049 to 1086) | - \36 (78710
g to 64.63) to 64.47) to 66.58) to 74.83) 79.77) R : : - : 5.15)
treatment
39.99 (38.42 | 41.28 (39.37 | 41.18 (39.35 | 43.68 (42.25 | 44.72 (42.87 to B —0.08 (~2.52 to
Prevalence to 41.56) to 43.18) to 43.02) to45.11) 146.58) 1.12 (0.43 to 1.81) 1.04 (-1.30 to 3.39) 2.37)
21.85(19.67 |22.31(19.81 |28.22(25.76 | 35.29 (33.13 | 43.50 (40.69 to 3.48 (-0.21 to
Awareness | {5/ o3 10 24.81) 10 30.68) 10 37.46) 4631) 472(373105.72) | 8.21(4.65t011.76) | >,
6.88 (5.50to | 11.39 (9.65 | 16.80 (14.89 | 22.43 (20.56 | 32.69 (30.03 to 5.03 (1.70 to
Highest Treatment | o)) t013.13) | t01871) | to24.30) 35.34) 5.22(447105.98) 1026 (7.01t013.51) | o5
quartile Control ( ( ( ( ( (
8.20 (6.72to | 10.15(8.53 | 14.48 (12.51 | 18.90 (17.07 | 27.26 (24.55 to 4.68 (1.32 to
among | g ca t011.76) | t016.46) | t020.73) 29.96) 3.68 (2.92t0444) | 8.36(5.09t011.63) | o',
prevalence
Control | o309 (4357 | 56.00 (48.27 | 65.35 (59.03 | 67.30 (62.86 | 72.94 (68.66 to 0.79 (=6.14 to
among |\ es o1y 063.74) | t071.66) | to71.74) 77.21) 4.85(1.72t07.98) | 5.63(-0.55t011.82) | /'y
treatment
Smoking status
49.21 (47.81 | 48.13 (46.63 | 50.40 (48.78 | 51.74 (50.49 | 53.50 (51.85 to ~ 0.75 (~1.41 to
Prevalence to0 50.61) to 49.62) to 52.01) t0 53.00) 55.15) 1.01 (0.41 to 1.61) 1.76 (-0.31 to 3.83) 2.91)
1438 (12.89 | 19.80 (18.03 |23.61 (21.84 | 34.34 (32.70 | 42.53 (40.48 to 1.74 (-0.98 to
Awareness to 15.87) to 21.58) to 25.39) to 35.98) 44.59) 6.46 (5.74t07.17) 8.19 (5.57 to 10.82) 4.46)
493 (4.12t0 | 10.67 (9.42 |13.93 (12.50 |22.82(21.35 | 32.21(30.19 to 3.64 (1.08 to
Treatment 5.75) to 11.93) to 15.36) t0 24.30) 3422) 5.75 (5.20 to 6.30) 9.38 (6.89 to 11.88) 6.19)
Smoker
S;E:Ol 419(342t0 | 730 (62810 | 9.23(8.02t0 | 1690 (15.63 | 2361 (218210 | 407 3 6010455) | 671 (452t0890) | 2-64(0-40t0
8 4.97) 8.32) 10.43) to 18.16) 25.39) R . - : 4.88)
prevalence
g;‘;:"l 39.49 (31.28 | 43.87(37.52 | 50.42 (44.28 | 61.31(57.79 | 64.96 (61.40 to 8.00 (5.48 t0 10.51) | 3.66 (-1.36 to8.67) | 434 (=9.95t0
8 to 47.70) to 50.23) to 56.56) to 64.82) 68.52) et : ’ : ’ 1.27)
treatment
38.78 (37.56 | 38.71 (37.42 | 40.11 (38.86 | 43.23 (42.10 | 44.36 (43.04 to ~ —0.40 (-2.24 to
Prevalence to 39.99) to 40.00) to 41.35) to 44.36) 45.68) 1.53 (1.00 to 2.06) 1.13 (-0.63 to 2.89) 1.43)
12098 (19.40 |27.53(25.81 |39.02(37.05 | 46.13 (44.54 | 55.03 (52.95 to 0.21 (-2.52 to
Awareness | {5 o 1029.26) 0 40.98) t047.72) 57.12) 8.69(7.97t0941) |8.90(627t011.53) | g,
9.25(8.15t0 | 16.35 (14.84 | 23.60 (21.98 | 31.99 (30.54 | 43.93 (41.90 to 4.36 (1.79 to
N Treatment 10.36) to 17.87) t0 25.22) to 33.45) 45.96) 7.58 (6.98 to 8.18) 11.94 (9.44 to 14.44) 6.93)
on-smoker
Control g 11 (79915 | 1427 (12.95 | 21.85 (2026 | 28.50 (27.00 | 39.79 (37.75 to 4.69 (2.09 to
among 10.23) t01559) | t02344) | t029.99) 41.83) 6.61(6.00t07.21) | 11.29 (8.76 t0 13.82) | ;0
prevalence
Control | 077 (5447 | 62.43 (58.01 | 70.42 (67.13 | 74.50 (72.08 | 81.34 (79.12 to 1.61 (-2.11 to
among | 6 7y t066.84) | t107370) | t076.92) 83.57) 524(3.50106.98) | 6.85(3.56t010.13) | ;55
treatment
Waist-to-height ratio®
27.87 (26.77 | 30.08 (28.73 | 31.15 (29.84 | 31.29 (30.17 | 32.02 (30.43 to B —0.40 (-2.41 to
Prevalence to 28.98) to 31.43) to 32.46) to 32.41) 33.60) 1.13 (0.63 to 1.64) 0.73 (-1.21 to 2.67) 1.60)
14.87 (13.03 | 17.81 (16.04 |25.38(23.28 | 32.20 (30.00 | 43.27 (40.58 to 5.08 (1.50 to
Awareness t0 16.71) to 19.58) to 27.48) to 34.39) 45.96) 5.99 (5.08 to 6.89) 11.07 (7.60 to 14.54) 8.67)
419 (3.36t0 |8.82(7.48t0 | 13.61 (11.94 | 18.94 (17.20 | 31.21 (28.62 to 7.37 (4.19 to
Treatment 5.03) 10.15) t0 15.27) t0 20.67) 33.80) 7.42 (6.88 to 7.95) 12.27 (9.16 to 15.39) 10.54)
Normal
S;E:Ol 548(432t0 | 967 (833t0 | 1475(13.01 |2032(18.62 | 3042(27.8310 | 400 (431 40563) | 10.10 (699 to 13.20) | 713 (19510
8 6.65) 11.02) to 16.49) t0 22.03) 33.01) A% : 0 : 8.30)
prevalence
aCIzE:Ol 59.28 (48.80 | 65.95(58.03 | 71.14 (65.14 | 78.05 (73.89 | 84.12 (80.67 to 6.18 (3.06 t0 9.30) 6.07 (0.64 to 11.50) —0.11 (-6.37 to
8 to 69.76) to 73.87) to 77.14) to 82.21) 87.57) OR : Rl : 6.15)
treatment
Continued
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During the Trend
Pre-pandemic pandemic Trends in the pre- Trends in the differences,
pandemic era, 8 pandemic era, (8 Bdiff (95%
Variables Rate 2005-2009 2010-2012 | 2013-2015 |2016-2019 2020-2022 (95% CI)? (95% CI)* CI)?
55.22 (53.92 55.48 (54.18 | 57.55(56.23 | 59.68 (58.64 59.93 (58.74 to _ —1.32 (-3.00 to
Prevalence t0 56.53) t0 56.77) t0 58.87) 10 60.72) 61.12) 1.58 (1.05 to 2.11) 0.25(-1.34to 1.84) 0.35)
19.44 (18.04 | 26.38 (24.77 | 34.58 (32.91 | 43.84 (42.48 51.02 (49.24 to —1.02 (-3.34 to
Awareness to 20.84) to 27.99) to 36.24) to 45.20) 52.80) 8.19 (7.57 to 8.82) 7.18 (4.94 to 9.42) 131)
8.61 (7.68 to 15.71 (14.36 | 21.56 (20.13 | 31.15(29.83 40.80 (39.04 to 2.24 (-0.03 to
Central Treatment | g5, t017.06) | 1023.00) | to32.47) 42.56) 8.26(7.58t08.94) | 9.65(745t0 11.86) | 75
adiposity Control
7.01 (6.16 to 11.09 (10.06 | 16.08 (14.83 | 23.91 (22.69 32.35(30.70 to 2.78 (0.67 to
among | 7 g7y t01212)  |t017.33)  |t025.13) 34.00) 566(5.18t06.14) | 8.44(6.381010.49) | gg)
prevalence
Control
51.07 (45.51 51.45 (47.14 | 60.24 (56.74 | 66.87 (64.56 71.82 (69.50 to —1.32 (-5.00 to
among | 4 56 69) t05576)  |t063.73)  |t069.17) 74.13) 6.28 (460t07.95) | 495(1.68108.22) |, 55,
treatment
Daily calorie intake?
40.42 (38.96 | 41.31(39.77 | 45.45(43.92 | 46.21 (44.87 | 47.84 (46.11 to _ —0.52 (-2.81 to
Prevalence | 'y g9) t042.85) | t04699) | t047.54) 49.56) 215(152102.78) | 1.63(-057103.83) |, 7))
18.91 (17.17 | 25.80(23.83 | 37.20 (35.08 | 46.79 (45.02 54.77 (52.54 to —1.58 (—4.55 to
Awareness to 20.66) t0 27.78) t0 39.33) to 48.55) 56.99) 9.56 (8.76 t0 10.36) | 7.98 (5.13 to 10.83) 138)
8.55(7.36to | 16.17 (14.56 | 24.25(22.39 | 33.28 (31.59 | 44.21 (42.05 to 2.67 (-0.16 to
Low Treatment 9.74) to0 17.78) t0 26.10) to 34.97) 146.37) 5.40 (4.84 to 5.96) 10.93 (8.18 to 13.68) 5.50)
Control
7.77 (6.63 to 12.82 (11.41 | 19.38 (17.75 | 27.39 (25.79 38.04 (35.84 to 4.04 (1.23 to
among 8.91) to 14.22) to 21.00) t0 29.00) 40.25) 6.61 (5.97 to 7.25) 10.65 (7.91 to 13.38) 6.85)
prevalence
Control
55.64 (48.28 58.81 (53.63 | 64.43 (60.43 | 69.67 (66.69 78.93 (76.37 to 4.24 (-0.24 to
among to 63.00) to 63.99) to 68.44) to 72.66) 81.49) 5.02(2871t07.16) | 9.25(5.33t0 13.18) | g%,
treatment
39.99 (38.72 38.41 (37.10 | 38.47 (37.21 | 41.03 (39.91 41.17 (39.69 to _ _ —-0.23 (-2.18 to
Prevalence to 41.26) t0 39.72) t0 39.73) t0 42.15) £2.65) 0.37 (=0.17 t0 0.91) 0.14 (-1.73 to 2.01) 172)
17.41 (15.83 22.58 (20.72 | 27.78 (25.92 | 35.66 (33.99 | 45.36 (43.04 to 3.66 (0.71 to
Awareness to 18.99) to 24.44) t0 29.65) t0 37.32) 47.68) 6.04 (5.30 to 6.78) 9.70 (6.85 to 12.56) 6.61)
6.55 (5.60 to 12.22 (10.82 | 15.14 (13.73 | 23.40 (21.97 34.02 (31.72 to 5.23 (2.46 to
High Treatment 7.50) to 13.63) to 16.55) t0 24.82) 36.32) 6.99 (6.53 to 7.46) 10.63 (7.92 to 13.34) 8.00)
Control
6.13(5.18to | 9.62 (8.48to | 13.34(11.99 | 19.85(18.52 28.76 (26.61 to 4.38 (1.80 to
among 7.08) 10.76) to 14.69) t021.17) 30.91) 4.53 (4.01 to 5.06) 8.91 (6.38 to 11.44) 6.96)
prevalence
Control
51.13 (43.92 51.12 (45.09 | 60.59 (55.53 | 69.00 (65.66 72.87 (69.66 to _ —3.28 (-8.46 to
among to 58.34) to 57.14) to 65.65) t072.33) 76.07) 7.15 (4.84 to 9.46) 3.87 (—0.76 to 8.50) 1.89)
treatment
High-risk drinking®
43.37 (42.39 42.90 (41.85 | 43.30 (42.19 | 46.63 (45.71 47.69 (46.59 to _ —0.01 (-1.52 to
Prevalence | 44 35) t043.94) | t044.40) | t047.54) 48.79) 1.08(0.65t01.50) | 1.06 (-0.38 0 2.51) | 4
17.42 (16.24 24.13 (22.71 | 32.92 (31.45 | 41.59 (40.32 50.93 (49.27 to 1.18 (-0.99 to
Awareness to 18.60) t0 25.56) to 34.39) to 42.86) 52.59) 8.16 (7.60 to 8.72) 9.34 (7.25 to 11.44) 3.35)
7.43 (6.64to | 14.23 (13.08 | 20.00 (18.78 | 28.67 (27.50 | 40.01 (38.32 to 4.34(2.23 to
o Treatment 8.21) to 15.38) t0 21.22) t0 29.85) 41.70) 5.12 (4.10 to 6.15) 11.34 (9.28 to 13.40) 6.45)
Control
6.67(5.92to | 11.42(10.50 | 16.82 (15.68 | 23.87 (22.77 | 33.88 (32.25 to 427 (2.25 to
among 7.42) to 12.35) to 17.97) to 24.97) 35.51) 5.74 (5.32 t0 6.17) 10.01 (8.04 to 11.98) 6.28)
prevalence
Control
52.96 (47.93 56.66 (52.72 | 64.24 (61.19 | 70.17 (68.06 75.99 (73.97 to —0.33 (-3.63 to
among to 57.99) to 60.60) to 67.30) to 72.27) 78.01) 6.16(4.63t07.68) | 5.82(291t08.74) |, gy
treatment
Continued
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During the Trend
Pre-pandemic pandemic Trends in the pre- Trends in the differences,
pandemic era, pandemic era, Bdiff (95%
Variables Rate 2005-2009 | 2010-2012 | 2013-2015 |2016-2019 | 2020-2022 (95% CI)* (95% CI)* CI)?
4540 (42.81 | 45.10 (4223 | 52.82 (49.76 | 49.35 (46.94 | 52.99 (49.96 to ~ 1.75 (-2.27 to
Prevalence to 47.99) to 47.96) to 55.88) to0 51.75) 56.02) 1.90 (0.76 to 3.03) 3.65(-0.21 to 7.51) 5.78)
17.54 (1421 | 18.80 (15.52 | 21.78 (18.49 | 32.59 (29.46 | 36.44 (32.85 to ~ ~1.12 (-6.10 to
Awareness | 150 87) 1022.09)  |102507)  |t035.72) 40.02) 496(3.51t06.41) | 3.84(-09310862) | ;4¢7)
422 (26610 |842(6.24t0 | 11.29(8.75 |20.10(17.37 | 26.84 (23.61 to 1.61 (-2.76 to
Yoo Treatment 5.79) 10.60) to 13.82) to 22.84) 30.07) 4.97 (4.31 to 5.63) 6.73 (2.49 to0 10.98) 5.98)
acrzggd 523 (344t0 | 600 (41610 | 8.66 (64610 | 1625(13.87 | 1962166910 |3 rm0463) | 337(L042t07.16) | 030 (42110
5 7.03) 7.85) 10.85) t0 18.63) 22.56) 08 : : - : 3.60)
prevalence
Control | 4 130887 | 3478 (22.12 | 53.38 (40.78 | 60.56 (52.86 | 62.41 (55.35 to -6.07 (-17.97
among | 10.69.40) t047.44) | 1065.99) | t068.25) 69.47) 7.93(2.19t013.67) | 1.86(-8.57t012.28) | ' o3

Table 2. National trends of the prevalence, awareness, treatment, control among dyslipidemia, and control
among treatment before and during the COVID-19 pandemic (weighted % [95% CI]) based on data obtained
from the KNHANES. BMI, body mass index; CI confidence interval; KNHANES, Korea National Health

and Nutrition Examination Survey. Numbers in bold indicate a significant difference (P<0.05). This table
presents the percentages of prevalence, awareness, treatment, control among dyslipidemia, and control among
treatment for the overall population and each subgroup, along with trends () before and during the pandemic,
as well as differences in trends (B ;). *All Bs and B, were expressed by multiplying 100. "BMI was divided
into four groups according to Asian-Pacific guidelines: underweight (< 18.5 kg/m?), normal (18.5-22.9 kg/
m?), overweight (23.0-24.9 kg/m?), and obese (=25 kg/m?). “Waist-to-height ratio was calculated as waist
circumference divided by height and categorized into two groups: normal (<0.5) and central adiposity (=0.5).
dDaily calorie intake was categorized into two groups: low (below the median) and high (above the median).
*High-risk drinking was defined as consuming >7 drinks per occasion for men or >5 for women at least twice
per week, classified as ‘yes’” or ‘no’ accordingly.

but lower control among prevalence (7.2%; n=>504)%. Additionally, awareness, treatment, and control among
prevalence were higher among females than males, consistent with our findings®.

The substantial differences in prevalence between countries are likely due to variations in ethnicity, dietary
habits, lifestyle, and access to healthcare?»?S. Previous studies have mainly examined the prevalence and risk
factors of dyslipidemia in each region, and some additionally assessed awareness, treatment, and control®>?7,
However, most studies were generally based on data from a specific year?”?%. In contrast, our research has
investigated changes over the past 18 years in a large population and analyzed the influence of the COVID-19
pandemic on these trends. We also examined the trends among groups disproportionately affected by the
pandemic. Findings from this long-term study should contribute to developing public health policies to manage
dyslipidemia across various socioeconomic groups.

South Korea’s trends in dyslipidemia may differ from other nations due to a combination of healthcare system
characteristics, lifestyle factors, and genetic predispositions. The country’s universal healthcare system ensures
broad access to medical services, including lipid-lowering treatments, which may contribute to higher treatment
and control rates compared to nations with less accessible healthcare systems. Additionally, dietary patterns
in South Korea have shifted significantly in recent decades, with an increase in processed and high-calorie
food consumption, which may uniquely influence dyslipidemia prevalence?*°. Lastly, genetic predispositions
specific to East Asian populations, such as differences in lipid metabolism, may affect both prevalence and
treatment response’!. These factors highlight the need for country-specific public health strategies in managing
dyslipidemia.

Plausible underlying mechanisms
In South Korea, the consumption of ultra-processed foods has been increasing®®, and physical activity declined
during the COVID-19 pandemic®2. These factors may have contributed to the rising prevalence of dyslipidemia.
Awareness would have increased as public awareness about dyslipidemia and healthcare utilization increased*-.
Control among treatments could have increased due to the development of anti-dyslipidemia medications*-3.
The treatment and control rates of dyslipidemia have steadily increased, with this trend accelerating during
the COVID-19 pandemic. In South Korea, the decline in healthcare utilization due to COVID-19 was relatively
lower than the global average®*. Instead, heightened awareness about dyslipidemia and health concerns during
the pandemic may have contributed to this rapid increase®. Additionally, the expansion of telemedicine services,
digital health interventions, and increased accessibility to medication refills may have played a role in improving
treatment adherence and disease management during this period**>. Control among prevalence would have
risen as people recognized the need to manage dyslipidemia and began receiving medication treatment. Indeed,
control among prevalence has shown a similar trend to the treatment. These indicators are closely related to
medication treatment, which can be initiated immediately; therefore, as people became more health-conscious
during the pandemic, these measures likely increased immediately.
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Control among Control among
Prevalence Awareness Treatment prevalence treatment
Weighted OR Weighted OR Weighted OR Weighted OR Weighted OR
Times (95% CI) P-value | (95% CI) P-value | (95% CI) P-value | (95% CI) P-value | (95% CI) P-value
Sex
Female 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.51 (0.48 to 0.51 (0.48 to 0.40 (0.38 to 0.48 (0.43 to
Male 1.59 (1.54 to 1.65) | <0.001 0.54) <0.001 0.54) <0.001 0.43) <0.001 0.54) <0.001
Age, years
30-39 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
2.62 (2.29 to 3.69 (2.98 to 2.78 (2.27 to 1.68 (1.09 to
40-49 1.46 (1.38 to 1.54) | <0.001 2.99) <0.001 4.56) <0.001 3.41) <0.001 2.59) 0.018
5.84 (5.15 to 9.53 (7.80 to 6.23 (5.16 to 1.90 (1.27 to
50-59 2.39 (2.27 to 2.52) | <0.001 6.63) <0.001 11.64) <0.001 7.52) <0.001 2.85) 0.002
10.00 (8.80 to 18.62 (15.28 11.92 (9.89 to 2.40 (1.62 to
60-69 3.25 (3.07 to 3.44) | <0.001 11.36) <0.001 t0 22.68) <0.001 14.37) <0.001 3.56) <0.001
8.35(7.34 to 18.36 (15.03 11.11 (9.22 to 2.62 (1.76 to
=70 2.96 (2.81 to 3.13) | <0.001 9.50) <0.001 to 22.44) <0.001 13.40) <0.001 3.89) <0.001
Region of residence
Urban 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.87 (0.81 to 0.89 (0.81 to 0.85 (0.77 to 0.85 (0.74 to
Rural 1.13 (1.08 to 1.19) | <0.001 0.95) 0.001 0.98) 0.018 0.94) 0.002 0.98) 0.026
BMI group?
Underweight | 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
1.37 (1.09 to 1.41 (1.07 to 1.08 (0.83 to 0.90 (0.49 to
Normal 1.92 (1.71 to 2.15) | <0.001 1.73) 0.007 1.85) 0.015 1.41) 0.551 1.66) 0.746
. 1.47 (1.16 to 1.53 (1.16 to 0.99 (0.76 to 0.63 (0.34 to
Overweight | 3.55 (3.16 to 3.98) | <0.001 1.85) 0.001 2.02) 0.003 1.29) 0.951 1.15) 0.133
1.49 (1.18 to 1.62 (1.23 to 0.87 (0.67 to 0.44 (0.24 to
Obese 5.62 (5.01 to 6.30) | <0.001 1.88) 0.001 2.14) 0.001 1.14) 0.312 0.81) 0.008
Educational background
College or
higher 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
. 1.41 (1.32 to 1.49 (1.37 to 1.40 (1.28 to 1.01 (0.86 to
High school | 1.22 (1.17 to 1.27) | <0.001 1.51) <0.001 1.62) <0.001 1.52) <0.001 1.18) 0.914
Middle 2.18 (2.01 to 2.32 (2.12 to 2.11 (1.91 to 1.02 (0.86 to
school 1.72 (1.63 to 1.82) | <0.001 2.37) <0.001 2.55) <0.001 2.33) <0.001 1.22) 0.829
Elementary
school or 1.95 (1.87 t0 2.04) | <0.001 | 198 (184t | 450, |236(216t0 | 40, [196(L79% | 0, |095(082%0 | 5y0
1 2.13) 2.57) 2.14) 1.11)
ower
Household income
Highest
quartile 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Third 1.00 (0.93 to 1.04 (0.95 to 1.01 (0.92 to 1.07 (0.91 to
quartile 0.99 (0.95to 1.04) | 0.646 1.08) 0.931 1.14) 0.384 1.12) 0.770 1.27) 0.393
Second 1.13 (1.05 to 1.25(1.14 to 1.17 (1.07 to 1.09 (0.93 to
quartile 1.16 (1.11 to 1.22) | <0.001 1.21) 0.002 1.36) <0.001 1.29) 0.001 1.27) 0.305
Lowest 1.47 (1.36 to 1.69 (1.55 to 1.45 (1.32 to 0.95 (0.81 to
quartile 1.60 (1.52 to 1.68) | <0.001 1.59) <0.001 1.85) <0.001 1.59) <0.001 L11) 0.494
Smoking status
Non-smoker | 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.59 (0.56 to 0.59 (0.56 to 0.47 (0.44 to 0.48 (0.43 to
Smoker 1.46 (1.41 to 1.51) | <0.001 0.62) <0.001 0.63) <0.001 0.50) <0.001 0.54) <0.001
Waist-to-height ratio®
Normal 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Central 1.59 (1.50 to 0.67 (0.61 to 1.24(1.16 to 0.56 (0.49 to
adiposity 3.14 (3.03 to 3.25) | <0.001 1.68) <0.001 0.72) <0.001 1.33) <0.001 0.65) <0.001
Daily calorie intake®
Continued
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Times

Control among Control among
Prevalence Awareness Treatment prevalence treatment

Weighted OR Weighted OR Weighted OR Weighted OR Weighted OR
(95% CI) P-value | (95% CI) P-value | (95% CI) P-value | (95% CI) P-value | (95% CI) P-value

Low

1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

High

0.70 (0.67 to 0.64 (0.60 to 0.67 (0.63 to 0.84 (0.74 to

0.74) 0.68) <0.001 |55 0.94)

0.98 (0.95 to 1.02) | 0.286 <0.001 <0.001 0.003

High-risk drinking?

No

1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Yes

0.67 (0.61 to <0.001 0.59 (0.53 to 0.55 (0.50 to 0.60 (0.50 to

0.72) 0.65) <0.001 |62 0.73)

1.18 (1.12 to 1.25) | <0.001 <0.001 <0.001

Table 3. Weighted odds ratios of prevalence, awareness, treatment, control among dyslipidemia, and control
among treatment in each socioeconomic factor based on data obtained from the KNHANES. BMI, body mass
index; CI confidence interval; KNHANES, Korea National Health and Nutrition Examination Survey; OR,
odds ratio. Numbers in bold indicate a significant difference (P<0.05). This table presents the weighted odds
ratios for the prevalence, awareness, treatment, control among dyslipidemia, and control among treatment,
relative to the reference group. BMI was divided into four groups according to Asian-Pacific guidelines:
underweight (< 18.5 kg/m?), normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?), and obese (=25 kg/
m?). Waist-to-height ratio was calculated as waist circumference divided by height and categorized into two
groups: normal (<0.5) and central adiposity (=0.5). “Daily calorie intake was categorized into two groups: low
(below the median) and high (above the median). High-risk drinking was defined as consuming>7 drinks
per occasion for men or >5 for women at least twice per week, classified as ‘yes’ or ‘no’ accordingly.

The risk factors for dyslipidemia included male sex, older population, rural residence, higher BMI, lower
education and income levels, and smoking. Male sex was also a risk factor in most other studies. Males may
have a higher prevalence because they are more likely to be obese and smoke!'!%. Eight sex-biased genes are
genetically associated with polygenic dyslipidemia, which puts males at higher risk of dyslipidemia®!. In the
elderly population, TC and LDL-C levels increase with age, which may increase prevalence*?. Lower education
and income levels are associated with a higher prevalence of chronic diseases and lower health awareness, which
may lead to a higher prevalence of dyslipidemia®®. High BMI and smoking are well-known risk factors for
dyslipidemia®*.

Low awareness, treatment, and control among prevalence are associated with male sex, younger population,
rural residence, higher education and income levels, and smoking. These three indicators show similar trends.
When diagnosed with dyslipidemia, individuals are more likely to receive treatment, and if treated, they are
more likely to achieve control*!. Males may have lower awareness due to less frequent healthcare utilization.
Younger populations, often perceiving themselves as low-risk, may not seek screening or treatment, resulting in
lower management rates*. Rural residents may face limited access to healthcare services, contributing to lower
awareness, treatment, and control rates?®,

Interestingly, individuals with higher education and income levels also showed lower awareness and
treatment rates. One possible explanation is that they may perceive themselves as being at lower risk due to
healthier lifestyles or overall well-being. Additionally, demanding work schedules and different healthcare-
seeking behaviors might lead to fewer routine check-ups. These findings suggest the need for targeted public
health strategies to encourage regular screenings and risk awareness among this demographic*>*’. Obesity is
a well-known risk factor for dyslipidemia, so individuals with higher BMI tend to have greater awareness and
treatment rates. However, weight loss is often recommended for obese individuals to manage dyslipidemia,
meaning that despite higher treatment rates, control rates may not significantly improve*®.

During the COVID-19 pandemic, the treatment and control rates of dyslipidemia increased at an accelerated
pace. Several potential mechanisms may explain this trend. First, the heightened public awareness of health risks
during the pandemic likely led to more proactive management of chronic conditions, including dyslipidemia.
Increased concerns over metabolic health, particularly given the association between COVID-19 severity and
cardiometabolic disorders, may have driven more individuals to seek medical consultations and adhere to
lipid-lowering treatments®. Second, healthcare system adaptations, such as expanded telemedicine services and
more flexible prescription regulations, may have improved accessibility to dyslipidemia treatment, facilitating
better adherence and follow-up care. These factors collectively contributed to the observed trend of improved
dyslipidemia management during the pandemic.

Strengths and limitations

This study has several limitations due to the inherent characteristics of the KNHANES. First, each variable
used in our research is not independent. Because several variables can comprehensively affect dyslipidemia, it is
difficult to conclude that one variable directly affects dyslipidemia®. Second, as the KNHANES dataset is derived
from a survey, it is inherently subject to individual bias, and the results may be influenced by participants’
recall. To mitigate these limitations, we endeavored to incorporate variables defined by objective measurements,
such as blood tests, whenever feasible. Third, when evaluating lipid-lowering medication use, standard research
practices often assess adherence based on the past two weeks. However, the KNHANES dataset we used does not
specify a two-week period in its questionnaire. Instead, it categorizes medication use into broader timeframes,
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which may introduce slight inconsistencies in adherence assessment. To address this limitation, we focused
on overall trends rather than short-term adherence, allowing for a broader understanding of dyslipidemia
management patterns in the population. Finally, since this study only used data from South Korea, there may
be limitations in applying our findings to other ethnicities or countries?. Therefore, similar follow-up studies
using data from different countries are needed. However, this study has significant strengths. We provide a
comprehensive insight into dyslipidemia by examining the prevalence of dyslipidemia with its risk factors over
the past 18 years using a large sample in South Korea, as well as awareness, treatment, and control. We also
considered the association of COVID-19 with dyslipidemia by observing changes in each trend between the
pre-pandemic and the pandemic, suggesting post-pandemic public health policy development.

Clinical policy implications

According to our research, positive indicators such as awareness, treatment, and control of dyslipidemia in South
Korea have increased, showing that dyslipidemia is being managed more effectively than before. However, the
prevalence continues to rise, necessitating consistent management. To further improve dyslipidemia prevention
and treatment outcomes, public health policies should focus on expanding screening programs, particularly for
younger adults and high-risk groups such as males, smokers, and individuals with obesity. Additionally, targeted
health campaigns and education programs should be developed to increase awareness and encourage proactive
management of dyslipidemia. Improving healthcare accessibility in rural areas through telemedicine services and
community-based interventions could also help address the lower awareness and treatment rates observed in
these populations. Additionally, utilizing predictive modeling to identify populations vulnerable to dyslipidemia
and facilitate their management could be beneficial®*->2. These strategies could strengthen the country’s efforts to
reduce the burden of dyslipidemia and its associated cardiovascular risks. The risk factors identified in this study
should be used to develop more efficient dyslipidemia management policies. In the case of the older population,
there was high awareness, treatment, and control among prevalence, as the risk of dyslipidemia was known to
be high. Conversely, the younger population, considered to have a lower risk, has been in a management blind
spot, resulting in significantly lower management rates. Therefore, the results of these studies should be utilized

to assess the risk levels of each indicator by group and establish policies for effectively managing dyslipidemia®?.

Conclusion

Over the past 18 years, the prevalence, awareness, treatment, and control of dyslipidemia in South Korea
have significantly increased. During the pandemic, the treatment and control among prevalence showed
a faster increasing trend than before. This suggests that the pandemic positively influenced the initiation of
pharmacological therapy for dyslipidemia. Since the risk of dyslipidemia varies based on factors such as sex,
age, region of residence, BMI, central adiposity, educational background, household income, smoking status,
and high-risk alcohol consumption, these factors should be considered to assess individual risks and develop
national policies for targeted management of dyslipidemia.

Data availability
The data are available upon request. Study protocol and statistical code: Available from DKY (yonkkang@gmail.
com). Dataset: Available from the Korea Disease Control Agency (KDCA) through a data use agreement.
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