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A B S T R A C T

Objective: Although thyroid disease is a common condition, there is limited research examining
the prevalence of thyroid disease over a long period of time, including both before and during the
COVID-19 pandemic. Therefore, we aimed to investigate sociodemographic aspects that might be
associated with thyroid disease and how its prevalence has varied during the pandemic.
Methods: We assessed the prevalence of thyroid disease among Korean adults by using data from
the Korea National Health and Nutrition Examination Survey from 1998 to 2021. We evaluated
weighted prevalence and β-coefficients with 95 % CI for factors such as age, sex, residential area,
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education level, household income, perceived stress level, weight change, occupation category,
and body mass index groups.
Results: From 1998 to 2021, the prevalence of thyroid disease among 159,896 Korean adults
(88,120 females [55.1 %]) aged 20 years and older exhibited an overall increasing trend. The
weighted prevalence in the general population rose from 1.52 % (95 % CI, 1.41–1.64) in
1998–2005 to 3.84 % (3.30–4.39) in 2021, with a higher likelihood of thyroid disease exposure as
age increased. In addition, females, individuals with lower education levels, those with high
levels of perceived stress, those who gained weight, and those classified as overweight or obese
emerged as vulnerable groups for thyroid disease. For the majority of subgroups, the change amid
the effect of the pandemic on prevalence was minimal. However, the aged ≥60 years group
showed a greater increase in prevalence during the pandemic than before the pandemic (βdiff:
0.52 [95 % CI, 0.37–0.68]).
Conclusions: A nationwide representative study in South Korea revealed an increasing trend in the
prevalence of thyroid disease over 24 years, particularly among the older population. Despite the
minimal variation during the pandemic, our findings emphasize the need for targeted thyroid
disease policies and further research, especially for specific subgroups such as the older
population.

1. Introduction

Thyroid disease is a critical endocrine disorder, affecting approximately 200 million people globally [1]. It includes a variety of
abnormal symptoms resulting from either the excessive or insufficient secretion of thyroid hormones [2,3]. Its repercussions extend
beyond individual well-being, affecting societal structures by placing a strain on healthcare resources and social infrastructure [4].

Prior research highlights that thyroid disease can lead to various complications, including diabetes, fractures, and arrhythmias, and
even serve as a causal factor in thyroid cancer, potentially resulting in severe consequences [5,6]. Despite the severe implications and
wide-reaching consequences of thyroid disease, it continues to be remarkably overlooked compared to other medical conditions [7,8].
Therefore, early detection and treatment of thyroid disease are of utmost significance. Over the past several decades, the prevalence of
thyroid disease has increased [9], influenced by a multitude of factors. Environmental changes, genetic elements, lifestyle patterns,
rapid urbanization, industrialization, and excessive stress, are identified as key factors affecting thyroid function [7,10].

In particular, the COVID-19 pandemic was associated with increased stress levels, reduced physical activity, and a rise in over-
weight and obesity rates [11,12]. Research has shown that chronic stress and metabolic disruptions can adversely affect thyroid
function by influencing hormone levels and immune responses. For example, elevated stress hormones such as cortisol have been
linked to alterations in thyroid hormone synthesis and metabolism [13]. Additionally, obesity is known to contribute to thyroid
dysfunction through mechanisms such as inflammatory cytokine release and changes in thyroid hormone binding proteins [14]. These
interrelated factors may collectively contribute to an increased prevalence of thyroid disorders during and after the pandemic.
Accordingly, previous studies have looked at thyroid disease during the COVID-19 pandemic [15], but to the best of the authors’
knowledge, no large-scale comprehensive study has been conducted to specifically address the long-term trends and effects of thyroid
disease before and during the COVID-19 pandemic. In this context, our study aimed to identify large-scale and long-term trends in the
prevalence of thyroid disease from 1998 to 2021, including both pre and during COVID-19 pandemic periods. Additionally, we aimed
to comprehensively understand associations of various factors on thyroid disease by quantitatively analyzing relationships between
socio-demographic factors and thyroid disease. Findings from this study, may be used in public health and clinical medicine by
providing information for the development of prevention and treatment strategies for thyroid diseases.

2. Methods

2.1. Participant selection and data collection

In this study, we employed data from the Korea National Health and Nutrition Examination Survey (KNHANES) conducted by the
Korea Disease Control and Prevention Agency (KDCA) over 24 years between 1998 and 2021 [16,17]. Our study covered the popu-
lation aged ≥20 years and the dataset included information on age, sex, region of residence, body mass index (BMI), education level,
household income, perceived stress level, weight change, occupation category and whether there is a thyroid disease in the population.
This is cross-sectional research, incorporating both questionnaire and survey interview methods. Specifically, health survey items
related to education, economic activity, morbidity, and healthcare utilization, as well as all items from the nutrition survey, were
collected through interviews. Health behavior items were collected using self-report methods. Additionally, health examinations were
carried out through direct measurements, observations, and specimen analyses.

Over the 24-year period, KNHANES used the most recent available data from the Population and Housing Census at the time of
sample design as the primary sampling frame. This approach enabled us to draw a representative sample of the target population,
which includes all residents of South Korea aged 1 year and older. A two-stage stratified cluster sampling method was employed, with
the primary and secondary sampling units being survey districts and households, respectively. Using this method, we initially sampled
231,264 participants and 159,896 participants were included in the study after removingmissing values for education level, household
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income, and weighting variables used in the statistics. The number of participants was as follows: 76,829 in 1998–2005; 16,646 in
2007–2009; 17,484 in 2010–2012; 15,144 in 2013–2015; 23,208 in 2016–2019; 5331 in 2020; and 5254 in 2021. Through these
participants, we investigated and compared the prevalence of thyroid disease before and during the COVID-19 pandemic.

The research protocol was approved by the Institutional Review Boards of the KDCA (2007-02CON-04-P, 2008-04EXP-01-C, 2009-
01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C, 2018-01-03-P-A,
2018-01-03-C-A, 2018-01-03-2C-A, 2018-01-03-5C-A, 2018-01-03-4C-A) in accordance with the Act (Article 2, Paragraph 1) and the
Enforcement Regulation (Article 2, Paragraph 2, item 1) of the Bioethics and Safety Act from the Korean government, and by the
Institutional Review Boards of Kyung Hee University (KHSIRB-23-384). Written informed consent was obtained from all participants
prior to their participation. Written informed consent was obtained from all participants prior to their participation. Our research
adhered to the Declaration of Helsinki.

2.2. Ascertainment of thyroid disease

To investigate the prevalence, participants were asked, "Have you ever been diagnosed with thyroid disease by a doctor?”. Utilizing
participant responses, we collected data on diverse potential risk factors associated with thyroid disease development. Statistical
analyses were performed to identify patterns or trends over the 24-year period.

2.3. Covariates

Covariates proposed in the analysis include age (20–39, 40–59, and ≥60 years), sex (male and female), region of residence (urban
and rural) [18], household income (lowest, second, third, and highest quartile), level of education (elementary school or lower, middle
school, high school, and college or higher), perceived stress level (hardly at all, a little, quite a lot, and greatly), weight change (no
weight change, weight loss, and weight gain), occupation category (white collar job, blue collar job, and others), and BMI. BMI was
stratified following the Asian-Pacific guidelines: underweight (<18.5 kg/m2), normal weight (18.5–22.9 kg/m2), overweight
(23.0–24.9 kg/m2), obese (≥25.0 kg/m2), and unknown (missing data) [19].

2.4. Statistical analyses

Results from the present study were presented using qualitative data expressed in the form of proportions or percentages. We
employed a weighted multivariate regression model to analyze the data using weighted odds ratios (OR) and 95% confidence intervals
(CI) to compare estimates of various factors before and during the COVID-19 pandemic [20]. This model, unlike standard regression
analysis, is used when there are two or more explanatory variables. It was selected for our study to incorporate variables such as age
group, sex, and region of residence in the analysis, helping to elucidate the relationships between thyroid disease and various factors.
By applying sample weights, the model reduces sampling bias, ensuring that the sample better represents the population.

The prevalence of thyroid disease was assessed using KNHANES data categorized by year from 1998 to 2021. Weighted complex
sampling analysis was employed to guarantee accurate estimation. The OR with 95 % CI or β-coefficients with 95 % CI were deter-
mined using linear and logistic regression models. The weights used in KNHANES data are categorized into household weights and
individual weights. Household weights are designed to ensure that participating households represent the entire population of
households in South Korea, while individual weights are assigned to ensure that participating individuals represent the entire pop-
ulation of South Korea. Additionally, individual weights are further subdivided to reflect differences in the number of participants
across different survey sections, resulting in separate weights for each section. To improve the reliability of the findings, analysis
considering various variables such as age, sex, region of residence, education level, household income, and BMI was applied to all
regression models. In addition, interaction terms for each risk factor were estimated, and OR ratios were calculated to determine
changes in OR before and during the pandemic [21–23]. Overall, the primary objective of this approach was to conduct a thorough and
comprehensive evaluation of the impact of the COVID-19 pandemic on thyroid disease prevalence while also identifying the factors
contributing to vulnerability.

Our statistical analyses utilized SAS software (version 9.4; SAS Institute, Cary, NC, USA) with a two-sided test, and a p-value of
≤0.05 was deemed statistically significant.

3. Results

From 1998 to 2021, a total of 231,264 participants were involved in the KNHANES. Out of these, we incorporated 159,896 in the
final study population with the following distribution of characteristics: age (20–39 years, 35.69 % [95 % CI, 35.45–35.92]; 40–59
years, 37.14 % [36.90–37.37]; and ≥60 years, 27.18 % [26.96–27.39]) and sex (male, 44.89 % [44.65–45.13] and female, 55.11 %
[54.87–55.35]). Information pertaining to the baseline characteristics of the study population, including both crude and weighted
rates, is available in Table 1.

Fig. 1 and Table 2 depict the prevalence of thyroid disease in the overall population, categorized by age group and sex, both pre-
pandemic (1998–2019) and during the pandemic (2020–2021). The weighted prevalence of thyroid disease showed a sustained in-
crease until 2020, with a slight decrease in 2021. Nevertheless, in 2021, the prevalence was significantly higher than in 1998 and
seems to have generally increased over time. First, the weighted prevalence for the overall population increased from 1.52 % (95 % CI,
1.41–1.64) in 1998–2005 to 4.10 % (3.53–4.67) in 2020. Second, within age groups, the weighted prevalence for the 20–39 age group
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Table 1
Baseline characteristics of Koreans from 1998 to 2021, based on KNHANES data (N = 159,896), including both crude and weighted rates.

Total Pre-pandemic During the pandemic

​ 1998–2021 1998–2005 2007–2009 2010–2012 2013–2015 2016–2019 2020 2021
Overall, n 159,896 76,829 16,646 17,484 15,144 23,208 5331 5254
Crude rate, n(%)
Age (years), n(%)
20-39 57,064 (35.69) 33,303 (43.35) 5473 (32.88) 5154 (29.48) 4193 (27.69) 6260 (26.97) 1450 (27.20) 1231 (23.43)
40-59 59,378 (37.14) 28,375 (36.93) 6145 (36.92) 6521 (37.30) 5784 (38.19) 8752 (37.71) 1925 (36.11) 1876 (35.71)
≥60 43,454 (27.18) 15,151 (19.72) 5028 (30.21) 5809 (33.22) 5167 (34.12) 8196 (35.32) 1956 (36.69) 2147 (40.86)

Sex, n(%)
Men 71,776 (44.89) 36,071 (46.95) 7054 (42.38) 7414 (42.4) 6381 (42.14) 10,130 (43.65) 2408 (45.17) 2318 (44.12)
Women 88,120 (55.11) 40,758 (53.05) 9592 (57.62) 10,070 (57.60) 8763 (57.86) 13,078 (56.35) 2923 (54.83) 2936 (55.88)

Region of residence, n(%)
Urban 122,366 (76.53) 56,893 (74.05) 12,201 (73.30) 13,820 (79.04) 12,250 (80.89) 18,850 (81.22) 4266 (80.02) 4086 (77.77)
Rural 37,530 (23.47) 19,936 (25.95) 4445 (26.70) 3664 (20.96) 2894 (19.11) 4358 (18.78) 1065 (19.98) 1168 (22.23)

BMI groupa, n(%)
Underweight 4389 (2.74) 936 (1.22) 751 (4.51) 779 (4.46) 637 (4.21) 861 (3.71) 199 (3.73) 226 (4.30)
Normal weight 40,314 (25.21) 8221 (10.70) 6543 (39.31) 6993 (40.00) 5965 (39.39) 8896 (38.33) 1845 (34.61) 1851 (35.23)
Overweight 23,959 (14.98) 4619 (6.01) 3970 (23.85) 4072 (23.29) 3578 (23.63) 5313 (22.89) 1205 (22.60) 1202 (22.88)
Obese 33,540 (20.98) 5757 (7.49) 5292 (31.79) 5572 (31.87) 4949 (32.68) 8055 (34.70) 2018 (37.85) 1897 (36.11)
Unknown 57,694 (36.08) 57,296 (74.58) 90 (0.54) 68 (0.39) 15 (0.10) 83 (0.36) 64 (1.20) 78 (1.48)

Education, n(%)
Elementary school or
lower

36,391 (22.76) 18,697 (24.34) 4524 (27.18) 4159 (23.79) 3217 (21.24) 4138 (17.83) 766 (14.37) 890 (16.94)

Middle school 18,870 (11.80) 9566 (12.45) 1980 (11.89) 2037 (11.65) 1741 (11.50) 2457 (10.59) 552 (10.35) 537 (10.22)
High school 50,443 (31.55) 27,230 (35.44) 4818 (28.94) 4927 (28.18) 4258 (28.12) 6258 (26.96) 1485 (27.86) 1467 (27.92)
College or higher 54,192 (33.89) 21,336 (27.77) 5324 (31.98) 6361 (36.38) 5928 (39.14) 10,355 (44.62) 2528 (47.42) 2360 (44.92)

Household income, n(%)
Lowest quartile 33,377 (20.87) 17038 (22.18) 3565 (21.42) 3435 (19.65) 2944 (19.44) 4456 (19.20) 923 (17.31) 1016 (19.34)
Second quartile 39,557 (24.74) 18855 (24.54) 4161 (25.00) 4509 (25.79) 3829 (25.28) 5705 (24.58) 1254 (23.52) 1244 (23.68)
Third quartile 43,197 (27.02) 20711 (26.96) 4424 (26.58) 4753 (27.18) 4117 (27.19) 6245 (26.91) 1507 (28.27) 1440 (27.41)
Highest quartile 43,765 (27.37) 20225 (26.32) 4496 (27.01) 4787 (27.38) 4254 (28.09) 6802 (29.31) 1647 (30.89) 1554 (29.58)

Perceived stress level, n(%)
Greatly 5411 (3.38) 1540 (2.00) 877 (5.27) 750 (4.29) 656 (4.33) 1083 (4.67) 264 (4.95) 241 (4.59)
Quite a lot 25,034 (15.66) 6928 (9.02) 3861 (23.19) 3847 (22.00) 3026 (19.98) 5078 (21.88) 1205 (22.60) 1089 (20.73)
A little 58,414 (36.53) 11,552 (15.04) 9011 (54.13) 10,065 (57.57) 8647 (57.10) 13,089 (56.40) 3041 (57.04) 3009 (57.27)
Hardly at all 17,813 (11.14) 3858 (5.02) 2875 (17.27) 2787 (15.94) 2659 (17.56) 3904 (16.82) 820 (15.38) 910 (17.32)
Unknown 53,224 (33.29) 52,951 (68.92) 22 (0.13) 35 (0.20) 156 (1.03) 54 (0.23) 1 (0.02) 5 (0.10)

Weight change, n(%)
No weight change 66,081 (41.33) 12,743 (16.59) 10,915 (65.57) 11,813 (67.56) 9477 (62.58) 14,753 (63.57) 3235 (60.68) 3145 (59.86)
Weight loss 16,379 (10.24) 4769 (6.21) 2517 (15.12) 2504 (14.32) 2153 (14.22) 2958 (12.75) 730 (13.69) 748 (14.24)
Weight gain 24,176 (15.12) 6347 (8.26) 3186 (19.14) 3127 (17.88) 3358 (22.17) 5440 (23.44) 1366 (25.62) 1352 (25.73)
Unknown 53,260 (33.31) 52,970 (68.95) 28 (0.17) 40 (0.23) 156 (1.03) 57 (0.25) 0 (0.00) 9 (0.17)

Occupation category, n(%)
White collar job 22,024 (13.77) 3601 (4.69) 3040 (18.26) 3638 (20.81) 3352 (22.13) 5834 (25.14) 1319 (24.74) 1240 (23.60)
Blue collar job 55,855 (34.93) 24,833 (32.32) 6683 (40.15) 6698 (38.31) 5507 (36.36) 8307 (35.79) 1899 (35.62) 1928 (36.70)
Others 55,674 (34.82) 22,109 (28.78) 6907 (41.49) 7139 (40.83) 6274 (41.43) 9049 (38.99) 2110 (39.58) 2086 (39.70)
Unknown 26,343 (16.48) 26,286 (34.21) 16 (0.10) 9 (0.05) 11 (0.07) 18 (0.08) 3 (0.06) 0 (0.00)

Weighted rate (95 % CI)
Age (years), weighted % (95 % CI)

(continued on next page)
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Table 1 (continued )

Total Pre-pandemic During the pandemic

20–39 39.37
(38.89–39.85)

45.17
(44.41–45.94)

41.94
(40.49–43.39)

39.29
(37.94–40.65)

37.08
(35.79–38.36)

34.89
(33.76–36.02)

34.30
(31.88–36.72)

33.14
(30.87–35.41)

40–59 39.36
(38.96–39.77)

37.01
(36.36–37.65)

39.32
(38.09–40.55)

40.54
(39.46–41.62)

40.87
(39.80–41.95)

40.49
(39.53–41.45)

40.16
(37.96–42.36)

38.69
(36.90–40.48)

≥60 21.27
(20.88–21.66)

17.82
(17.27–18.36)

18.74
(17.80–19.69)

20.17
(19.17–21.16)

22.05
(21.01–23.09)

24.62
(23.56–25.68)

25.54
(23.12–27.95)

28.17
(25.76–30.58)

Sex, weighted % (95 % CI)
Men 49.14

(48.89–49.40)
48.37
(48.07–48.68)

49.55
(48.83–50.27)

49.41
(48.66–50.16)

48.78
(48.01–49.56)

49.50
(48.86–50.15)

50.21
(49.09–51.33)

49.86
(48.53–51.18)

Women 50.86
(50.60–51.11)

51.63
(51.32–51.93)

50.45
(49.73–51.17)

50.59
(49.84–51.34)

51.22
(50.44–51.99)

50.50
(49.85–51.14)

49.79
(48.67–50.91)

50.14
(48.82–51.47)

Region of residence, weighted % (95 % CI)
Urban 82.27

(81.28–83.25)
81.05
(80.27–81.83)

80.57
(77.48–83.66)

79.96
(76.70–83.23)

82.89
(80.02–85.76)

84.89
(82.46–87.32)

84.89
(79.78–90.00)

84.09
(79.07–89.11)

Rural 17.73
(16.75–18.72)

18.95
(18.17–19.73)

19.43
(16.34–22.52)

20.04
(16.77–23.30)

17.11
(14.24–19.98)

15.11
(12.68–17.54)

15.11
(10.00–20.22)

15.91
(10.89–20.93)

BMI groupa, weighted % (95 % CI)
Underweight 3.49 (3.36–3.63) 1.04 (0.91–1.17) 4.71 (4.29–5.14) 4.73 (4.32–5.13) 4.63 (4.21–5.05) 3.94 (3.63–4.25) 3.91 (3.20–4.61) 4.33 (3.70–4.95)
Normal weight 30.64

(30.23–31.04)
9.06 (8.24–9.89) 39.35

(38.46–40.24)
39.71
(38.73–40.70)

39.87
(38.95–40.79)

38.26
(37.48–39.04)

33.65
(32.06–35.23)

35.81
(34.17–37.45)

Overweight 18.17
(17.88–18.47)

5.52 (5.00–6.04) 23.61
(22.88–24.34)

22.76
(21.98–23.54)

23.01
(22.21–23.81)

22.50
(21.86–23.14)

22.94
(21.72–24.17)

21.66
(20.25–23.08)

Obese 26.63
(26.26–27.00)

7.09 (6.43–7.75) 31.81
(30.91–32.70)

32.36
(31.40–33.33)

32.39
(31.49–33.29)

34.93
(34.13–35.74)

38.50
(36.89–40.11)

37.05
(35.23–38.86)

Unknown 21.07
(20.45–21.70)

77.29
(75.29–79.28)

0.52 (0.36–0.68) 0.44 (0.30–0.58) 0.11 (0.04–0.17) 0.36 (0.26–0.46) 1.00 (0.71–1.30) 1.16 (0.79–1.52)

Education, weighted % (95 % CI)
Elementary school or
lower

16.04
(15.69–16.39)

20.08
(19.43–20.73)

18.56
(17.57–19.56)

17.17
(16.17–18.17)

14.94
(14.01–15.87)

12.39
(11.62–13.16)

9.48 (7.93–11.03) 10.43 (8.77–12.09)

Middle school 9.87 (9.64–10.09) 11.3 (10.92–11.68) 10.71
(10.09–11.34)

10.35 (9.74–10.97) 9.40 (8.82–9.98) 8.60 (8.10–9.11) 7.77 (6.70–8.83) 7.56 (6.56–8.56)

High school 31.13
(30.73–31.53)

36.2 (35.52–36.87) 31.39
(30.28–32.50)

30.54
(29.43–31.66)

29.20
(28.12–30.29)

27.40
(26.51–28.30)

28.71
(26.73–30.68)

28.93 (27–30.87)

College or higher 42.96
(42.38–43.55)

32.42 (31.53–33.3) 39.33
(37.77–40.89)

41.93
(40.42–43.45)

46.46
(44.95–47.96)

51.6 (50.15–53.05) 54.05
(50.75–57.35)

53.08
(49.99–56.17)

Household income, weighted % (95 % CI)
Lowest quartile 16.85

(16.44–17.27)
20.78
(19.95–21.61)

16.26
(15.16–17.35)

16.00
(14.97–17.03)

15.28
(14.19–16.36)

15.47
(14.53–16.41)

13.81
(11.70–15.91)

13.52
(11.53–15.51)

Second quartile 24.80
(24.34–25.25)

25.15
(24.41–25.89)

25.09
(23.80–26.37)

27.22
(25.89–28.54)

24.63
(23.33–25.93)

23.90
(22.89–24.90)

21.73
(19.57–23.89)

22.72
(20.59–24.85)

Third quartile 28.62
(28.17–29.07)

26.95
(26.24–27.66)

28.78
(27.49–30.06)

29.18
(27.97–30.39)

29.55
(28.17–30.92)

28.89
(27.88–29.91)

29.86
(27.74–31.98)

30.42
(28.21–32.64)

Highest quartile 29.72
(29.09–30.35)

27.12
(26.11–28.14)

29.88
(28.06–31.70)

27.60
(26.14–29.05)

30.55
(28.80–32.30)

31.74
(30.25–33.24)

34.60
(31.11–38.09)

33.34
(29.49–37.18)

Perceived stress level, weighted % (95 % CI)
Hardly at all 11.87

(11.61–12.13)
4.63 (4.16–5.10) 14.89

(14.13–15.65)
13.32
(12.67–13.98)

15.4 (14.69–16.12) 14.71
(14.15–15.26)

13.23
(11.98–14.48)

15.2 (13.98–16.42)

A little 46.10
(45.59–46.62)

15.23
(13.86–16.61)

55.66
(54.72–56.60)

58.93
(58.03–59.83)

57.55
(56.55–58.55)

57.03
(56.25–57.82)

57.58 (55.85–59.3) 58.53
(57.03–60.03)

(continued on next page)
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Table 1 (continued )

Total Pre-pandemic During the pandemic

Quite a lot 19.10
(18.74–19.45)

8.59 (7.81–9.38) 24.12
(23.36–24.88)

23.10
(22.27–23.93)

21.51
(20.68–22.33)

23.20
(22.50–23.90)

23.85
(22.13–25.57)

21.7 (20.24–23.16)

Greatly 4.05 (3.91–4.20) 1.99 (1.75–2.23) 5.21 (4.79–5.63) 4.45 (4.10–4.81) 4.61 (4.19–5.04) 4.89 (4.55–5.22) 5.33 (4.53–6.12) 4.52 (3.85–5.18)
Unknown 18.88

(18.11–19.65)
69.55
(66.91–72.20)

0.12 (0.06–0.19) 0.19 (0.11–0.28) 0.93 (0.73–1.13) 0.18 (0.12–0.23) 0.01 (0.00–0.04) 0.05 (0.00–0.09)

Weight change, weighted % (95 % CI)
No weight change 49.53

(48.99–50.08)
16.59
(15.12–18.05)

63.22
(62.30–64.13)

64.48
(63.45–65.50)

60.32
(59.27–61.36)

61.36
(60.51–62.20)

58.12
(56.31–59.94)

57.83
(56.03–59.63)

Weight loss 11.72
(11.46–11.99)

5.52 (4.99–6.06) 14.94
(14.28–15.61)

14.29
(13.58–15.00)

14.52
(13.76–15.28)

12.97
(12.44–13.50)

13.93
(12.85–15.01)

13.69
(12.55–14.82)

Weight gain 19.85
(19.48–20.22)

8.30 (7.52–9.09) 21.70
(20.89–22.52)

21.04
(20.15–21.94)

24.24
(23.32–25.17)

25.48
(24.73–26.23)

27.95
(26.33–29.56)

28.39
(26.80–29.97)

Unknown 18.90
(18.13–19.67)

69.59
(66.94–72.23)

0.14 (0.07–0.20) 0.19 (0.10–0.28) 0.92 (0.72–1.12) 0.20 (0.14–0.26) NA 0.09 (0.03–0.15)

Occupation category, weighted % (95 % CI)
White collar job 20.35

(19.95–20.75)
5.43 (5.07–5.79) 22.03

(20.99–23.06)
23.68
(22.65–24.71)

25.76
(24.68–26.84)

28.64
(27.56–29.72)

28.27
(25.90–30.64)

27.28
(25.14–29.43)

Blue collar job 35.54
(35.10–35.98)

28.95
(28.37–29.53)

39.46
(38.17–40.75)

41.21
(39.93–42.50)

37.11
(35.87–38.35)

36.40
(35.33–37.46)

35.38 (32.95–37.8) 36.38
(34.19–38.57)

Others 34.20
(33.82–34.58)

28.91
(28.25–29.57)

38.40
(37.34–39.46)

35.05
(34.02–36.07)

37.04
(36.03–38.05)

34.88
(34.01–35.75)

36.29
(34.34–38.23)

36.34
(34.60–38.08)

Unknown 9.91 (9.68–10.13) 36.71
(36.12–37.30)

0.12 (0.04–0.20) 0.06 (0.00–0.11) 0.09 (0.03–0.16) 0.09 (0.04–0.13) 0.07 (0.00–0.15) NA

Abbreviations: BMI, body mass index; CI, confidence interval; KNHANES, Korea National Health and Nutrition Examination Survey.
a According to the Asian–Pacific guidelines, the BMI is divided into four groups: underweight (<18.5 kg/m2), normal (18.5–22.9 kg/m2), overweight (23.0–24.9 kg/m2), and obese (≥25.0 kg/m2).
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increased from 0.94% (0.80–1.08) in 1998–2005 to 2.51% (1.65–3.37) in 2020. The 40–59 age group showed an increase from 1.94%
(1.71–2.16) to 4.44 % (3.39–5.49), and the ≥60 age group showed an increase from 2.15 % (1.83–2.47) in 1998–2005 to 5.69 %
(4.56–6.83) in 2020. Third, regarding perceived stress levels, the prevalence in the ‘hardly at all’ category increased from 1.46 %
(0.95–1.98) in 1998–2005 to 2.66 % (1.56–3.75) in 2020. Whereas the ‘a little’ category showed an increase from 1.69 % (1.38–2.00)
to 3.53 % (2.86–4.20), ‘quite a lot’ from 1.55 % (1.17–1.94) to 5.65 % (4.28–7.01); and ‘greatly’ from 1.55 % (0.73–2.38) to 6.92 %
(3.66–10.19). Last, in the sex groups, the weighted prevalence for males increased from 0.49 % (0.39–0.59) in 1998–2005 to 1.43 %
(0.94–1.92) in 2020. For females, the prevalence increased from 2.49 % (2.30–2.69) in 1998–2005 to 6.79 % (5.76–7.81) in 2020.
Additionally, the prevalence of thyroid disease did not change significantly during the COVID-19 pandemic. However, specific groups,
such as those ≥60 years, those underweight, and those with high school or low education, exhibited significant differences in the rate
of prevalence increase during the pandemic compared to before. The βdiff were 0.52 (0.37–0.68) for ≥60 years, 0.69 (0.06–1.32) for
underweight, and 0.44 (0.26–0.63) for lower education, indicating a significantly higher rate of increase in prevalence during the
pandemic compared to before.

Table 3 and Table S1 display disease-related factors associated with vulnerable groups among thyroid disease patients, along with
weighted OR from 1998 to 2021. From the results, it is observed that those who are older, females, those with a higher BMI, those with
lower educational levels, those with high perceived stress levels and those who gained weight are more vulnerable to thyroid disease as
follows: 40–59 year age group (OR, 2.20 [95 % CI: 1.99–2.44]; reference 20–39 age group), ≥60 years old (OR, 2.33 [2.10–2.59];
reference 20–39 age group); female (OR, 5.27 [4.74–5.86]; reference male); normal and overweight (OR, 4.59 [3.71–5.69]; reference
underweight); obesity (OR, 4.55 [3.64–5.68]; reference underweight); low level of education (OR, 1.16 [1.08–1.25]; reference higher
educational); a little of perceived stress (OR, 1.18 [1.05–1.33]; reference hardly at all); quite a lot of perceived stress (OR, 1.24
[1.08–1.41]; reference hardly at all); greatly perceived stress (OR, 1.49 [1.22–1.82]; reference hardly at all); weight gain (OR, 1.11
[1.01–1.22]). The groups susceptible to thyroid disease remained equally vulnerable during the COVID-19 pandemic.

4. Discussion

4.1. Key findings

Our study analyzed the prevalence of thyroid disease before and during the COVID-19 pandemic in 159,896 Korean adults using the
KNHANES database over 24 years from 1998 to 2021. The overall prevalence of thyroid disease showed an increasing trend from the
initial observation period up to 2020 then slightly decreasing in 2021. During the COVID-19 pandemic, the prevalence of thyroid
disease among those aged ≥60 years significantly increased. Moreover, the prevalence of thyroid disease in those experiencing high
levels of perceived stress and weight gain increased up to 2020. While this suggests that the pandemic may have influenced the
prevalence of thyroid disease in certain populations, the increase in overall prevalence during the pandemic is ambiguous. Therefore,
further study is needed to verify this hypothesis. Additionally, subgroups including those 40–59 and ≥ 60 years, female, lower
educated, overweight or obese, high levels of perceived stress, and weight gain were found to be more vulnerable to thyroid disease.

4.2. Plausible underlying mechanisms

During the period from 1998 to 2020, the prevalence of thyroid disease has shown an increasing trend [9]. This elevation may be
due to environmental factors such as radiation exposure, viral infections, and changes in iodine intake that may increase the risk of
developing thyroid disease [8]. Additionally, as South Korea’s population ages, the prevalence of thyroid disease appears to have
increased due to hormonal changes that make older individuals more susceptible [24,25]. The advancement in thyroid disease testing
and the increased frequency of examinations may have also contributed to this rise in prevalence [26]. For instance, advancements in
gene expression classifiers have significantly improved the diagnostic accuracy of thyroid nodules [27]. Additionally, public health
campaigns aimed at raising awareness about thyroid disease, such as Thyroid Awareness Month, may influence the increase in thyroid
disease prevalence [28]. These campaigns promote diagnosis and screening, leading to the detection of more cases. This does not mean
that the actual incidence rate has increased, but it can be interpreted as an increase in detected cases due to improved diagnostic
capabilities. Although previous studies have suggested a relationship between thyroid disease and the COVID-19 pandemic, our

Fig. 1. The nationwide trend in thyroid disease prevalence over 24 years (1998–2021) among 159,896 Korean adults, stratified by age and sex
groups, 1998–2021.
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Table 2
National trends in the prevalence of thyroid disease and odds ratios β-coefficients before and during the COVID-19 pandemic, presented as weighted percentages with 95% confidence intervals, using data
obtained from KNHANES.

Year Pre-pandemic During the pandemic Trends in the pre-
pandemic era, β (95
% CI)

Trends in the
pandemic era, β
(95 % CI)

βdiff between 1998-2019
and 2019–2021 (95 %
CI)1998–2005 2007–2009 2010–2012 2013–2015 2016–2019 2020 2021

Overall, weighted
% (95 % CI)

1.52
(1.41–1.64)

3.02
(2.75–3.29)

3.12
(2.84–3.4)

3.10
(2.78–3.41)

3.53
(3.27–3.79)

4.10
(3.53–4.67)

3.84
(3.30–4.39)

0.38 (0.30 to 0.45) 0.15 (− 0.14 to
0.45)

− 0.22 (− 0.53 to 0.08)

Age group, weighted % (95 % CI)
20-39 0.94

(0.80–1.08)
1.78
(1.41–2.16)

1.82
(1.42–2.23)

1.85
(1.44–2.26)

2.12
(1.73–2.50)

2.51
(1.65–3.37)

1.61
(0.91–2.31)

0.23 (0.13 to 0.34) − 0.25 (− 0.65 to
0.15)

− 0.48 (− 0.90 to − 0.07)

40-59 1.94
(1.71–2.16)

3.82
(3.28–4.35)

3.94
(3.43–4.46)

3.90
(3.32–4.48)

4.38
(3.92–4.85)

4.44
(3.39–5.49)

4.33
(3.36–5.30)

0.45 (0.31 to 0.59) − 0.03 (− 0.56 to
0.51)

− 0.47 (− 1.02 to 0.08)

≥60 2.15
(1.83–2.47)

4.11
(3.46–4.76)

3.98
(3.43–4.54)

3.71
(3.16–4.26)

4.13
(3.66–4.60)

5.69
(4.56–6.83)

5.80
(4.68–6.92)

0.29 (0.14 to 0.45) 0.81 (0.19 to 1.44) 0.52 (0.37 to 0.68)

Sex, weighted % (95 % CI)
Male 0.49

(0.39–0.59)
0.90
(0.67–1.12)

0.80
(0.58–1.01)

1.02
(0.75–1.29)

1.37
(1.10–1.65)

1.43
(0.94–1.92)

1.48
(1.02–1.94)

0.19 (0.11 to 0.26) 0.05 (− 0.21 to
0.32)

− 0.13 (− 0.41 to 0.14)

Female 2.49
(2.30–2.69)

5.10
(4.61–5.60)

5.38
(4.88–5.89)

5.08
(4.55–5.61)

5.64
(5.18–6.10)

6.79
(5.76–7.81)

6.19
(5.16–7.22)

0.57 (0.44 to 0.70) 0.27 (− 0.28 to
0.82)

− 0.30 (− 0.87 to 0.27)

Region of residence, weighted % (95 % CI)
Urban 1.54

(1.41–1.67)
3.04
(2.73–3.34)

3.09
(2.77–3.41)

3.15
(2.80–3.51)

3.61
(3.32–3.90)

4.06
(3.44–4.69)

3.82
(3.22–4.42)

0.40 (0.31 to 0.48) 0.10 (− 0.23 to
0.44)

− 0.29 (− 0.63 to 0.05)

Rural 1.47
(1.21–1.73)

2.95
(2.36–3.53)

3.24
(2.60–3.88)

2.83
(2.16–3.51)

3.07
(2.52–3.63)

4.30
(3.06–5.54)

3.94
(2.74–5.14)

0.28 (0.12 to 0.44) 0.42 (− 0.23 to
1.08)

0.14 (− 0.09 to 0.37)

BMI groupa, weighted % (95 % CI)
Underweight 2.03

(0.82–3.24)
1.81
(0.76–2.86)

2.69
(1.44–3.94)

2.23
(1.06–3.41)

2.36
(1.35–3.37)

4.48
(1.31–7.64)

4.03
(1.10–6.95)

0.12 (− 0.28 to 0.52) 0.81 (− 0.74 to
0.23)

0.69 (0.06 to 1.32)

Normal or
overweight

1.65
(1.33–1.97)

3.26
(2.89–3.63)

3.14
(2.79–3.49)

3.29
(2.91–3.67)

3.82
(3.47–4.17)

4.11
(3.36–4.86)

3.99
(3.24–4.74)

0.27 (0.14 to 0.41) 0.09 (− 0.32 to
0.50)

− 0.18 (− 0.61 to 0.25)

Obese 2.00
(1.53–2.47)

2.78
(2.31–3.24)

3.10
(2.63–3.58)

2.85
(2.33–3.38)

3.14
(2.71–3.58)

4.10
(3.17–5.02)

3.52
(2.62–4.42)

0.13 (− 0.04 to 0.31) 0.18 (− 0.31 to
0.67)

0.04 (− 0.48 to 0.57)

Education, weighted % (95 % CI)
High school or
lower

2.16
(1.93–2.39)

4.43
(3.83–5.03)

4.82
(4.19–5.45)

3.54
(2.91–4.16)

3.96
(3.42–4.50)

5.52
(4.07–6.97)

5.31
(3.87–6.75)

0.25 (0.10 to 0.40) 0.69 (− 0.07 to
1.46)

0.44 (0.26 to 0.63)

College or higher 1.23
(1.10–1.36)

2.44
(2.14–2.74)

2.47
(2.17–2.78)

2.96
(2.6–3.31)

3.42
(3.12–3.72)

3.8
(3.17–4.43)

3.52
(2.95–4.09)

0.47 (0.38 to 0.56) 0.05 (− 0.27 to
0.37)

− 0.42 (− 0.75 to − 0.09)

Household income, weighted % (95 % CI)
Lowest and
second quartile

1.59
(1.43–1.76)

3.24
(2.79–3.69)

3.03
(2.60–3.45)

2.88
(2.43–3.34)

3.55
(3.15–3.96)

4.26
(3.38–5.15)

3.84
(2.96–4.73)

0.34 (0.23 to 0.45) 0.15 (− 0.33 to
0.63)

− 0.19 (− 0.68 to 0.31)

Third and highest
quartile

1.47
(1.31–1.62)

2.86
(2.50–3.23)

3.19
(2.81–3.57)

3.24
(2.82–3.65)

3.52
(3.17–3.86)

4.01
(3.27–4.74)

3.84
(3.18–4.50)

0.41 (0.31 to 0.51) 0.16 (− 0.21 to
0.52)

− 0.25 (− 0.63 to 0.13)

Perceived stress level, weighted % (95 % CI)
Hardly at all 1.46

(0.95–1.98)
2.77
(2.12–3.42)

2.54
(1.84–3.23)

2.99
(2.24–3.74)

2.76
(2.20–3.32)

2.66
(1.56–3.75)

3.86
(2.63–5.08)

0.14 (− 0.08 to 0.36) 0.55 (− 0.14 to
1.24)

0.41 (− 0.31 to 1.13)

A little 1.69
(1.38–2.00)

2.86
(2.50–3.23)

3.13
(2.76–3.49)

3.10
(2.70–3.50)

3.63
(3.28–3.97)

3.53
(2.86–4.20)

3.73
(3.00–4.46)

0.30 (0.17 to 0.43) 0.06 (− 0.34 to
0.45)

− 0.24 (− 0.66 to 0.18)

Quite a lot 1.55
(1.17–1.94)

3.04
(2.47–3.62)

3.33
(2.69–3.97)

3.08
(2.44–3.72)

3.65
(3.09–4.22)

5.65
(4.28–7.01)

4.02
(2.77–5.27)

0.29 (0.09 to 0.49) 0.19 (− 0.49 to
0.88)

− 0.10 (− 0.81 to 0.61)

Greatly 1.55
(0.73–2.38)

5.13
(3.61–6.66)

3.65
(2.18–5.11)

3.14
(1.64–4.64)

4.05
(2.66–5.45)

6.92
(3.66–10.19)

4.23
(1.29–7.18)

− 0.02 (− 0.52 to
0.47)

0.11 (− 1.51 to
1.74)

0.13 (− 1.57 to 1.83)

Weight change, weighted % (95 % CI)

(continued on next page)
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Table 2 (continued )

Year Pre-pandemic During the pandemic Trends in the pre-
pandemic era, β (95
% CI)

Trends in the
pandemic era, β
(95 % CI)

βdiff between 1998-2019
and 2019–2021 (95 %
CI)1998–2005 2007–2009 2010–2012 2013–2015 2016–2019 2020 2021

No weight change 1.40
(1.12–1.69)

3.01
(2.67–3.35)

3.06
(2.72–3.40)

2.92
(2.54–3.29)

3.48
(3.15–3.81)

4.17
(3.44–4.90)

4.04
(3.29–4.78)

0.24 (0.11 to 0.36) 0.28 (− 0.12 to
0.68)

0.04 (− 0.38 to 0.46)

Weight loss 1.83
(1.29–2.37)

3.15
(2.36–3.93)

2.64
(1.98–3.30)

2.36
(1.69–3.03)

2.90
(2.26–3.53)

3.67
(2.06–5.28)

3.26
(1.87–4.64)

0.01 (− 0.23 to 0.26) 0.17 (− 0.58 to
0.92)

0.16 (− 0.63 to 0.95)

Weight gain 1.87
(1.46–2.28)

2.93
(2.37–3.50)

3.64
(2.89–4.40)

3.95
(3.23–4.66)

3.95
(3.36–4.55)

4.16
(2.96–5.36)

3.67
(2.57–4.77)

0.41 (0.21 to 0.62) − 0.15 (− 0.77 to
0.48)

− 0.56 (− 1.22 to 0.10)

Occupation category, weighted % (95 % CI)
White collar job 1.30

(0.85–1.75)
1.90
(1.38–2.42)

2.18
(1.70–2.66)

2.78
(2.16–3.40)

2.88
(2.38–3.37)

3.22
(2.21–4.23)

3.69
(2.60–4.77)

0.36 (0.17 to 0.56) 0.40 (− 0.18 to
0.99)

0.04 (− 0.58 to 0.66)

Blue collar job 1.07
(0.90–1.25)

2.11
(1.71–2.51)

2.72
(2.30–3.15)

2.44
(1.95–2.92)

3.03
(2.64–3.42)

3.42
(2.50–4.35)

2.87
(2.10–3.63)

0.38 (0.26 to 0.50) − 0.08 (− 0.52 to
0.35)

− 0.46 (− 0.91 to − 0.01)

Others 1.21
(1.03–1.39)

4.61
(4.08–5.14)

4.21
(3.69–4.74)

3.98
(3.42–4.55)

4.57
(4.08–5.06)

5.45
(4.32–6.57)

4.94
(3.86–6.01)

0.47 (0.32 to 0.61) 0.17 (− 0.41 to
0.76)

− 0.30 (− 0.90 to 0.30)

Abbreviations: BMI, body mass index; CI, confidence interval; KNHANES, Korea National Health and Nutrition Examination Survey.
The numbers in bold indicate a significant difference (p < 0.05).
a According to the Asian–Pacific guidelines, the BMI is divided into four groups: underweight (<18.5 kg/m2), normal (18.5–22.9 kg/m2), overweight (23.0–24.9 kg/m2), and obese (≥25.0 kg/m2).
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findings did not show a significant relationship between the COVID-19 pandemic and thyroid disease [29]. However, among those
aged≥60 years, prevalence rates have increased significantly during the pandemic compared to before the pandemic. Previous studies
have shown that the older population are more vulnerable to both COVID-19 and thyroid disease [30], but further research is needed to
determine whether the association between COVID-19 and thyroid disease is significant only for people aged ≥60 years.

4.3. Comparison of previous study

In a previous research study on thyroid disease in South Korea, there was a continuous increase from 2006 to 2012, followed by a
decrease in 2015 [31]. These findings support the conclusions of the present study. However, while previous research focused on three
specific types of thyroid disease, this study comprehensively investigated the prevalence of all types. Moreover, the present research

Table 3
Disparities in thyroid disease prevalence before and during the COVID-19 (weighted % [95 % CI]) using data collected from KNHANES.

Variable Overall (1998–2021) Pre-pandemic era (1998–2019) During pandemic era
(2020–2021)

Ratio of OR (95 % CI),

during the pandemic versus
pre-pandemic (reference)

Weighted OR (95
% CI)

P-value Weighted OR (95
% CI)

P-value Weighted OR (95
% CI)

P-value Ratio of OR (95 %
CI)

P-
value

Age group
20–39 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​
40–59 2.20 (1.99 to

2.44)
<0.001 2.20 (1.98 to

2.45)
<0.001 2.11 (1.51 to

2.95)
<0.001 0.96 (0.67–1.36) 0.816

≥60 2.33 (2.10 to
2.59)

<0.001 2.23 (1.99 to
2.49)

<0.001 2.65 (1.93 to
3.64)

<0.001 1.19 (0.85–1.66) 0.315

Sex
Male 1.00 (ref) ​ 1.00(ref) ​ 1.00(ref) ​ 1.00 (ref) ​
Female 5.27 (4.74 to

5.86)
<0.001 5.38(4.80 to 6.04) <0.001 4.69 (3.59 to

6.14)
<0.001 0.87 (0.65–1.17) 0.357

Region of residence
Rural 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​
Urban 1.04 (0.94–1.14) 0.456 1.05 (0.94–1.16) 0.396 0.94 (0.73–1.21) 0.616 0.90 (0.68–1.18) 0.428
BMI groupa

Underweight 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​
Normal or overweight 4.59 (3.71 to

5.69)
<0.001 5.05 (4.01 to

6.36)
<0.001 2.73 (1.60 to

4.64)
<0.001 0.54 (0.30–0.97) 0.038

Obese 4.55 (3.64 to
5.68)

<0.001 4.94 (3.88 to
6.28)

<0.001 2.75 (1.58 to
4.79)

<0.001 0.56 (0.30 to
1.02)

0.058

Education
College or higher 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​
High school or lower 1.16 (1.08 to

1.25)
<0.001 1.18 (1.09 to

1.28)
<0.001 1.30 (1.04 to

1.64)
0.024 1.10 (0.87–1.40) 0.432

Household income
Lowest and second
quartile

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

Third and highest
quartile

1.03 (0.96–1.11) 0.405 1.03 (0.95–1.11) 0.548 1.00 (0.81–1.23) 0.983 0.97 (0.78–1.21) 0.795

Perceived stress level
Hardly at all 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​
A little 1.18 (1.05 to

1.33)
<0.001 1.18 (1.04 to

1.34)
0.011 1.18 (0.87 to 1.59) 0.285 1.00 (0.72–1.39) 1.000

Quite a lot 1.24 (1.08 to
1.41)

<0.001 1.18 (1.02 to
1.37)

0.025 1.58 (1.14 to
2.19)

0.007 1.34 (0.94–1.92) 0.110

Greatly 1.49 (1.22 to
1.82)

<0.001 1.42 (1.15 to
1.77)

<0.001 1.89 (1.14 to
3.11)

0.013 1.33 (0.77–2.30) 0.305

Weight change
No weight change 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​
Weight loss 0.90 (0.80–1.02) 0.100 0.91 (0.80–1.04) 0.175 0.84 (0.60–1.17) 0.302 0.92 (0.64–1.32) 0.662
Weight gain 1.11 (1.01 to

1.22)
0.041 1.13 (1.02 to

1.25)
0.023 0.97 (0.74–1.26) 0.796 0.86 (0.65–1.14) 0.294

Occupation category
White collar job 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​ 1.00 (ref) ​
Blue collar job 0.89 (0.79–1.01) 0.061 0.91 (0.80–1.03) 0.141 0.90 (0.66–1.22) 0.501 0.99 (0.71–1.38) 0.948
Others 0.86 (0.77 to

0.96)
0.008 0.86 (0.76 to

0.97)
0.014 0.98 (0.75–1.29) 0.897 1.14 (0.85–1.53) 0.389

Abbreviations: BMI, body mass index; CI, confidence interval; KNHANES, Korea National Health and Nutrition Examination Survey; OR, odds ratios.
The numbers in bold indicate significant differences (p < 0.05).
a According to the Asian–Pacific guidelines, the BMI is divided into four groups: underweight (<18.5 kg/m2), normal (18.5–22.9 kg/m2), over-

weight (23.0–24.9 kg/m2), and obese (≥25.0 kg/m2).
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spanning from 1998 to 2021, including the COVID-19 pandemic, provides a more long-term observation period.
Similar trends were observed in the preliminary studies in the United States. The prevalence of hypothyroidism continued to rise

from 2012 to 2019, aligning with our research findings [9]. However, this study also focused only on hypothyroidism, one of the
thyroid diseases, and comprehensive research considering both pre-pandemic and pandemic periods is rare. Therefore, the significance
of our study is underscored in bridging such gaps.

4.4. Clinical and policy implications

As the population ages, the prevalence of thyroid disease is increasing. This is emerging as a serious problem in our society. To
prepare for this, more active prevention policies are essential. In particular, because females have a high vulnerability to thyroid
disease, there is a need to strengthen regular thyroid screening programs focusing on females and to develop customized health policies
that emphasize the impact on female’s reproductive function. Additionally, there is an urgent need to routinely integrate thyroid
testing into comprehensive health assessments for older populations over 60 years of age.

Our study shows a significant increase in the prevalence of thyroid disease among those 60 years and over during the COVID-19
pandemic. This highlights that the older population are more vulnerable to unexpected situations, suggesting that public health and
healthcare systems should prioritize the safety and well-being of the older population [32]. The integration of telemedicine for remote
monitoring, which can help with regular screening for the older population, is important [33]. In addition, the COVID-19 pandemic
experience emphasizes the importance of having the flexibility of healthcare systems to continue to provide services in times of
emergency. Continuous research is needed to understand the specific factors of increasing thyroid disease in the older population.

In clinical practice, developing protocols for the early detection and prevention of thyroid disease is crucial. Raising awareness
among healthcare professionals through education about thyroid disease can lead to better patient outcomes [34]. From a public
health policy perspective, sustainable health programs must be established to meet the health needs of the aging population, with
particular attention given to supporting vulnerable groups. Future research should comprehensively analyze the impact of various
factors on thyroid disease and develop prevention and management strategies based on these insights.

Cooperation between public health agencies and those responsible for projects focusing on older adults is crucial to developing a
comprehensive approach to aged care, including thyroid health. In conclusion, it is important to strengthen healthcare systems to
respond to the changing needs of aging societies as well as the current challenges highlighted in the present study.

4.5. Strengths and limitations

A clear strength of the present study is leveraging extensive data spanning 24 years, from 1998 to 2021, based on the population of
South Korea. This data allows us to systematically compare the prevalence of thyroid disease before and during the COVID-19
pandemic. The extensive duration of the study enables the observation of long-term trends and potential changes in thyroid disease
prevalence, providing valuable insights into the evolving landscape of these conditions over two decades. However, several note-
worthy limitations are present.

First, while the total population of South Korea is approximately 50 million, our sample consists of about 5000 samples per year.
Nevertheless, we utilized a complex sampling method to represent the entire nation, allowing for a robust estimation of thyroid disease
prevalence in South Korea. Second, although this study was conducted on a large scale over an extended period, it does not fully
account for the changes in medical practices, diagnostic criteria, public health interventions, or the impact of genetic factors and family
history. This may have resulted in the exclusion of critical variables from our research. Nonetheless, the analysis of thyroid disease
trends in South Korea over 24 years provides an important foundation for subsequent studies that consider these changes. Future
research is now needed to accurately identify the various factors influencing thyroid disease trends to better understand the evolving
medical environment and population characteristics. Third, thyroid disease includes multiple subtypes, such as hyperthyroidism and
hypothyroidism. However, the dataset used in this study only allows for determining whether individuals have ever been diagnosed
with a thyroid disease without specifying the exact subtype. Nonetheless, given the potential complications that these conditions may
induce, it is essential not to overlook them [5,6,35,36]. Therefore, confirming the overall prevalence of thyroid disease is crucial,
particularly as this study has proven significantly helpful in examining changes, especially those stemming from the pandemic. Fourth,
although the study identifies an increase in prevalence among individuals aged 60 years and above since the COVID-19 pandemic
emerged, establishing a causal relationship remains challenging. Nevertheless, the discovery of such trends holds significance. Last,
this study relies on secondary data gathered through a combination of self-reported questionnaires and interviews. As such, the ac-
curacy of self-reported responses may be subject to limitations. Additionally, factors such as iodine status in the geographical area and
other influencing variables may not be fully accounted for in relation to thyroid disease. Despite these potential limitations, the
reliability of the KNHANES dataset has been demonstrated in numerous studies [37,38]. Therefore, we believe that while these factors
warrant consideration, they do not significantly compromise the overall validity of our findings.

5. Conclusion

While the impact of the pandemic on the overall prevalence of thyroid disease remains inconclusive, we found a significant
increasing trend in the prevalence of thyroid disease from 1998 to 2020 followed by a slight decrease in 2021. Particularly vulnerable
groups include individuals aged 40–59 and ≥ 60 years, females, those with lower education levels, those overweight or obese, those
with high levels of perceived stress, and those who gained weight. The present results indicate that the impact of the pandemic on
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overall disease prevalence is unclear, with a significant increase in prevalence only observed in those ≥60 years during the pandemic.
Therefore, additional study is needed to validate our hypothesis. In addition, policies related to thyroid disease should be consistently
developed.
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