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Objective: This study aimed to identify multifaceted factors affecting intake of dietary supplements among Koreans.

Methods: Korean National Health and Nutrition Examination Survey (KNHANES) data from 2018 to 2020 were obtained, pertaining to functional food intake, health related behaviors and morbidities. A total of 12,031 participants representing the Korean adult population were identified into two groups: 1 year more consumer group (N = 4,345) vs. non-consumer group (N = 7,686). A logistic regression analysis was performed to analyze the predictors of dietary supplement consumptions.

Results: Sociodemographic variables were associated with dietary supplement use. Participants who were female (odds ratio [OR] = 1.85; 95% CI, 1.59–2.15), older (OR = 1.06; 95% CI, 1.04–1.08), married (OR = 6.39; 95% CI, 3.44–11.85), highly educated, and high income earners consumed significantly more dietary supplements. Non-smoking (OR = 1.27; 95% CI, 1.06–1.53) and performing aerobic exercise (OR = 1.28; 95% CI, 1.13–1.46) predict dietary supplement consumption. Self-rated health status and health-related quality of life increased the likelihood of dietary supplement intake by 1.86 (OR = 1.86; 95% CI, 1.04–3.32) and 7.77 times (OR = 7.77; 95% CI, 1.66–33.40), respectively. The number of chronic diseases, cancer, or stroke was not significantly associated with intake. Those with obesity tended to less consume dietary supplements (OR = 0.85; 95% CI, 0.74–0.97). Hypertension (OR = 3.14; 95% CI, 1.36–7.21), osteoporosis (OR = 1.47; 95% CI, 1.11–1.95), and asthma (OR = 0.44; 95% CI, 0.27–0.73) were significantly associated with the intake.

Conclusion: Considering that healthy behaviors and subjective health led to the consumption of dietary supplements, whereas current disease or catastrophic experience did not, the intake of dietary supplements should be included in health promotion in Korea.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has led to an increased focus on personal health and well-being. As information and resources on health management overflowed via the Internet and social media, people tended to actively manage their health and reduce health risks through health-promoting practices, such as regular exercise, healthy diet, or supplement consumption including functional foods and dietary supplements.

Demand for dietary supplements has been boosted by the high-risk viral disease (1), resulting in a substantial growth of the global market of dietary supplements from USD 119.7 billion in 2019 to USD 146.8 billion in 2022 (a compound annual growth rate 7.0%), and it is expected to reach approximated USD 218.4 billion by 2027 (2).

Korea is a one of the countries facing significant challenges due to aging (3). The life expectancy of the Korean population is 83.6 years, and the proportion of the elderly population reached 17.5% in 2022 and is expected to increase to 40.1% in 2050 (4). Moreover, as of 2021, the total fertility rate ranked the lowest, 0.81, among Organisation for Economic Co-operation and Development countries (3). Aging populations with longer life expectancies have become more conscious about managing their health and well-being. In particular, the increased interest in immune-boosting foods or supplements owing to the COVID-19 pandemic has led to the consumption of dietary supplements. According to the Ministry of Food and Drug Safety, the Korean functional food (dietary supplement) market has reached approximately KRW 4.4 trillion in 2020, an increase of 13.8% from the previous year (5).

In general, functional foods are defined as foods that are either enriched or fortified to restore pre-processed nutrient levels (enriched flour), to improve the nutritional quality of nutrient-deficient foods (calcium in orange juice), or to address public health issues (vitamin D in milk, iodized table salt), while dietary supplements, unlike functional foods, are defined as concentrated forms of food-derived nutrients that are designed to be taken in addition to daily food consumption for additional nutrients or perceived health benefits (6). According to the Federal Food, Drug, and Cosmetic Act in the US, a dietary supplement is defined as a product taken by mouth that contains a “dietary ingredient” intended to supplement or enhance the diet. The “dietary ingredients” in these products may include: vitamins, minerals, herbs or other botanicals, amino acids, and substances such as enzymes, organ tissues, glandulars, and metabolites. Dietary supplements can also be extracts or concentrates, and may be found in many forms such as tablets, capsules, soft gels, gel caps, liquids, or powders (7, 8). However, these distinctive definition is not applicable in Korea.

According to the Korean Functional Food Act, “functional food” refers to foods or food-driven products manufactured or processed with useful functional raw materials or ingredients for modifying the physiological functions, maintaining homeostasis, or improving specific physiological parameters. The term “functionality” means utilizing nutrients to affect the physiological functions of the human body or providing useful effects for hygiene purposes, including psychological benefits (9). However, “dietary supplement” has no official definition by health authorities in Korea. It was defined only for the Korean Health and Nutrition Examination Survey (KNHANES) as “tablets, capsules, powders, granules, liquids, and pills containing vitamins, minerals, and functional ingredients that include medicines, functional foods and products containing vitamins, minerals and functional ingredients that are not yet approved as functional foods. Dietary supplements do not include fortified foods, infant formulas, special nutritional foods such as enteral nutrition, herbal medicines, and products prepared by food processors” (10). Thus, these two terms, dietary supplements and functional foods, are not perceived differently in Korea. Only functional foods, which are considered dietary supplements, are formally regulated by the MFDS.

Several studies have investigated the factors contributing to functional food or dietary supplement intake, mainly focusing on gender, age, socioeconomic factors, and health status (11–23). Although the results are not generalizable (11, 12), and are even somewhat contradictory (13, 22, 23), women, older adults, and those with higher levels of education and income were more likely to consume functional foods or dietary supplements (14–18). Health-conscious people committed to managing their health, such as through physical activity or healthy eating, were more likely to consume functional foods or dietary supplements (16, 18–22). However, findings are inconsistent, with a study showing that people in good health consumed more functional foods or supplements (11), whereas other studies have shown that those with lower subjective health (12) or those with obesity, chronic illnesses, and disabilities consumed more (14, 18). Previous research confirmed that the consumption of functional foods was influenced, whether consistent or inconsistent, not only by sociodemographic factors but also by psychosocial and cultural factors, which was again identified by Mullie et al. (19) and Frewer et al. (20), who reported a cross-cultural difference in consumers’ attitudes toward functional foods that led to their consumption. Using nationally representative NHANES data, researchers revealed that U.S. adults used dietary supplements to improve or maintain overall health (18, 21), and supplement users were more likely than non-users to report very good or excellent health, a balanced diet, regular doctor visits, good sleep, moderate alcohol use, abstinence from smoking, and more frequent exercise (18, 21).

However, there is a dearth of research on dietary supplement consumption in Korea. Choi et al. (22) examined the significant factors contributing to the use of functional foods using data from the Korean Health Panel in 2008. Choi and his colleagues found that Korean adults with a higher educational level, more stable economic status, and chronic diseases were more likely to use dietary supplements. Unlike in other studies, females tended to adopt less dietary supplements. Health-related factors such as having disability and chronic diseases, having being admission, and physician visits were significantly associated with dietary supplement consumption (22). Park et al. revealed that educational level critically influenced dietary supplement intake among menopausal women (23).

Therefore, this study sought to elucidate the determinants of dietary supplement intake among Koreans, which could have implications for public health interventions, policymaking, and future research in the field of dietary supplements. To this end, the nationwide representative KNHANES data was used to analyze multifaceted factors, including sociodemographic factors and health behaviors that have been mainly observed in previous studies, as well as health status and morbidities that influence dietary supplement intake, to ensure the generalizability of their findings to the Korean population as a whole.



Methods


Data source

The KNHANES is a large-scale nationwide survey conducted annually by the Ministry of Health and Welfare and Korea Disease Control and Prevention Agency. Its purpose is to generate statistical data on the general health and nutritional status of South Koreans and to identify population groups that should be prioritized when considering health policies. A stratified multistage probability sampling design that considers location and residence type was used in the KNHANES to establish nationwide representativeness (24). This study was based on 3 years data obtained from the KNHANES 2018–2020 (24, 25), on dietary supplements and duration of supplement use.

From the 16,288 KNHANES participants in the cross-sectional surveys conducted over the 3 years period and pooled for this analysis, 12,031 were selected. A group of 4,345 participants who reported dietary supplement consumption for at least 1 year (consumer group ≥1 year) was compared with 7,686 participants who never consumed dietary supplements (non-consumer group) (Figure 1).
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FIGURE 1
 Selection process of the study population.


All data were downloaded from the official website of the KNHANES,1 which is open to the public after completing a designated registration process for access.



Sociodemographic variables

Demographic and socioeconomic variables were considered as confounders. Age, sex, marital status (e.g., married or single), and number of family members were included in the analysis. In addition, education level (e.g., primary school, middle school, high school, and bachelor’s degree or higher), income level (e.g., low, middle-low, middle-high, and high), and employment status were included in the analysis.



Variables related to health behaviors

We included the following variables related to health behavior that were surveyed in the KNHANES: Current smoking was defined as having smoked at least 5 packs of tobacco (100 cigarettes) in their lifetime and still smoking. Monthly drinking was defined as drinking at least once per month in the past year. In addition, walking for at least 30 min once daily for at least 5 days in the past week, performing aerobic physical activities, and using ambulatory services within the last 2 weeks (26).



Health status

Variables indicating current health status were selected for the analysis. Self-rated health status on a 5-point Likert scale shows the participants’ subjective health status. The EuroQol 5-Dimensions (EQ-5D) index score, which represents health-related quality of life (HRQoL), ranging from 0 (death) to 1 (perfect health), was calculated using the South Korea-specific tariff based on the time-tradeoff method (27, 28). Body mass index (BMI) (kg/m2) was calculated based on the height and weight of the participants.



Predisposing diseases or comorbidities

The chronic diseases that the participants indicated they currently had including hypertension, diabetes, dyslipidemia, osteoporosis, arthritis (either osteoarthritis or rheumatoid arthritis), asthma, thyroid disorders, renal disorders, atopic diseases, hepatitis B or C, cirrhosis, depression, sinusitis, and otitis, were considered. The number of chronic diseases currently affecting the participants’ health was calculated using the above-mentioned diseases. In addition, previously diagnosed cancers, stroke, myocardial infarction (MI), or angina that may affect the current health status were also identified. Lastly, obesity (BMI ≥25) was also considered for analysis.



Statistical analysis

To identify factors contributing to the quality of life, multivariate logistic regression was performed using the PROC SURVEYFREQ, PROC SURVEYMEANS and SURVEYLOGISTICS (26, 29). In the multivariate logistic regression model, the dependent variable was the intake of dietary supplements for at least 1 year or not at all (consumer group versus non-consumer group). The variables above mentioned were considered as independent variables. The statistical significance level was set to 5%. SAS version 9.4 (SAS Institute Inc., Cary, NC, United States) was used for statistical analysis.



Ethical statement

The institutional review board (IRB) of the Korea Centers for Disease Control and Prevention reviewed and approved the KNHANES survey annually (approval numbers: 2018-01-03-P-A, 2018-01-03-C-A, and 2018-01-03-2C-A) (25). This retrospective study was approved by the ethics committee of Mokwon University (IRB no. Mokwon 2023-002).




Results


Basic characteristics

Table 1 shows the basic characteristics of the study population (intake group vs. no taking). The consumer group included significantly more women (57.62% vs. 44.58%) (p < 0.0001) and those of older age than the non-consumer group [51.81(SE0.34) vs. 46.46(SE0.33) years; p < 0.0001].



TABLE 1 Basic characteristics of the study population.
[image: Table1]

The consumer group had higher education (p < 0.0001), income (p < 0.0001), and employment rates (p < 0.0001) than the non-consumer group. In the consumer group, 86.35% were married, whereas in the non-consumer group, 70.04% were married (p < 0.0001). The non-consumer group had more family members than the consumer group (p < 0.0001).



Consumption of dietary supplements

The consumer group adopted an average of 2.45(SE 0.02) types of dietary supplements, which might have been underestimated because the KNHANES questionnaires allowed the respondents to enter a maximum of four products. Of these, 27.3% took one type, 26.2% took two types, 21.5% took three types, and 25% took four types (Figure 2A). Therefore, most participants in the consumer group tended to take several ingredients simultaneously. The most frequently consumed were multivitamins and minerals (38.6%), followed by omega-3 (26.8%), others (26.5%), and vitamin C (23.5%) (Figure 2B).

[image: Figure 2]

FIGURE 2
 Number of different types of dietary supplement intake and percentage of respondents (A) and the frequency (B).




Health behaviors

As shown in Figure 3, all variables related to health behaviors differed significantly between the two groups, except for walking practice. Those who consumed dietary supplements tended to manage their health more effectively. In other words, those who took care of their health by refraining from smoking or drinking, practicing physical exercise, or using outpatient services tended to consume the supplements.

[image: Figure 3]

FIGURE 3
 Comparison of health behaviors between the consumers and non-consumers (unadjusted).




Health status

Table 2 shows that subjective health status such as self-rated health or HRQoL was higher in the consumer group than in the non-consumer group (p < 0.0001). Meanwhile, the non-user group had higher BMI (24.17, SE 0.06) than the user group (23.8 SE 0.06) (p < 0.0001).



TABLE 2 Health status between the two groups (unadjusted).
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Predisposing diseases or comorbidities

The consumer group had an average of 0.94 (SE 0.02) (min 0-max 8) of chronic diseases, including hypertension, diabetes, dyslipidemia, osteoporosis, arthritis, asthma, thyroidal disorders, renal diseases, atopic diseases, hepatitis B, cirrhosis, depression, sinusitis, and otitis that currently affect their health, whereas the non-consumer group has an average of 0.80 (SE 0.02) (min 0-max 10; p < 0.0001) (Table 3).



TABLE 3 Prevalence of chronic diseases or diagnosis of predispoing diseases between the two groups (unadjusted).
[image: Table3]

Accordingly, 49.8 and 43.6% of the consumer and non-consumer groups, respectively, reported to have at least one chronic disease (p < 0.0001). More specifically, hypertension (21.41% vs. 19.32%, p = 0.0171), dyslipidemia (18.36% vs. 12.63%, p < 0.0001), osteoporosis (6.37% vs. 4.21%, p < 0.0001), arthritis (10.66% vs. 8.53%, p = 0.0003), and thyroid disease (2.71% vs. 1.76%, p = 0.0031) were significantly more prevalent in the consumer group than in the non-consumer group. In contrast, asthma was more prevalent in the non-consumer group (1.07% vs. 1.82%, p = 0.0030). Stroke occurred more frequently in the non-user group than in the consumer group (1.63% vs. 2.14%, p = 0.0689), whereas tuberculosis was more frequent in the consumer group than in the non-user group (3.72% vs. 3.04%, p = 0.0882). However, these adverse events were marginally significant. Cancer was diagnosed more frequently in the user group than in the non-user group (9.14% vs. 6.27%, p < 0.0001), whereas obesity was more frequent in non-users than in users (37.74% vs. 32.63%, p < 0.0001).



Factors contributing to the intake of dietary supplements

Multivariate logistic analyses revealed that in model I, where chronic diseases were presented as the number of chronic diseases currently affecting the study population, female participants were 1.85 times more likely than male participants (OR = 1.85; 95% CI, 1.59–2.15) to consume dietary supplements (Table 4). Aging by 1 year increased the likelihood of dietary supplement intake by 1.06 times (OR = 1.06; 95% CI, 1.04–1.08). Those who were married were 6.39 times more likely to consume dietary supplements than those who were unmarried (OR = 6.39; 95% CI, 3.44–11.85). Furthermore, those with higher educational level and income level had higher likelihood of dietary supplement intake. In contrast, the size of family lowered the likelihood of the intake (OR = 0.89; 95% CI, 0.83–0.94). Employment status was not a statistically significant factor.



TABLE 4 Results of multivariate logistic analysis.
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Regarding health behaviors, non-smokers were 1.27 times more likely take dietary supplements than smokers (OR = 1.27; 95% CI, 1.06–1.53), and those who practice aerobic physical activities were 1.28 times more likely to take dietary supplements (OR = 1.28; 95% CI, 1.13–1.46).

Subjective health status, including self-rated health and HRQoL, increased the likelihood of dietary supplement intake by 1.86 (OR = 1.86; 95% CI, 1.04–3.32) and 7.77 times (OR = 7.77; 95% CI, 1.66–33.40), respectively.

Predisposing factors or comorbidities such as the number of chronic diseases, cancer, and stroke were not significantly associated with dietary supplement intake, except obesity. Those with obesity tended to adopt fewer dietary supplements (OR = 0.85; 95% CI, 0.74–0.97).

Model II considers specific chronic diseases that affect the health of the study population. The main results were consistent to those in model I. Participants who were female (OR = 1.81; 95% CI, 1.55–2.11), older (OR = 1.06; 95% CI, 1.04–1.07), highly educated, married (OR = 5.33; 95% CI, 2.84–10.00), and higher-income earners were found to have higher likelihood of taking dietary supplements. Family size remained associated with a lower likelihood of the intake (OR = 0.88; 95% CI, 0.83–0.94).

Similar to model I, the likelihood of persistently taking dietary supplements was higher for those who took care of their health by refraining from smoking (OR = 1.28; 95% CI, 1.07–1.54) and practicing physical activities (OR = 1.27; 95% CI, 1.11–1.44). Other variables such as self-rated health status and EQ-5D index scores significantly increased the likelihood of dietary supplement intake by 1.90 (95% CI 1.06–3.40) and 7.13 (95% CI 1.56–32.47), respectively. Those with obesity tended to less consume dietary supplements (OR = 0.85; 95% CI, 0.74–0.98). Among the specified chronic diseases, hypertension, osteoporosis, and asthma were significantly associated. Hypertension and osteoporosis increased the likelihood of the dietary supplements intake by 3.14 (OR = 3.14; 95% CI, 1.36–7.21) and 1.47 times (OR = 1.47; 95% CI, 1.11–1.95), respectively, whereas those with asthma were 0.44 times (OR = 0.44; 95% CI, 0.27–0.73) less likely to take dietary supplements.




Discussion

This study aimed to investigate the factors contributing to the intake of dietary supplements in Korea using the nationwide representative KNHANES data. To this end, a case–control design was established by comparing a group of adults that consistently consumed dietary supplements for > = 1 year with a group that did not. A holistic approach that encompassed various aspects, such as the demographic and socioeconomic factors of the study participants, health behavior, self-rated health, and morbidity, was attempted. Considering these multidimensional factors, we sought a comprehensive understanding of those associated with dietary supplement consumption in Korea.

Our findings confirm that sociodemographic factors significantly affect the intake of dietary supplements. Women were more likely to adopt dietary supplement than men, which is consistent with previous studies (14–19); however, Choi et al. found opposite results in Korean adults (22). In addition, our study found that older, married, well-educated, and high-income earners were more likely to consume dietary supplements, which is consistent with previous studies (14–19). This is likely due to the fact that these socioeconomic factors play a role in increasing interest in health, seeking information, and purchasing dietary supplements for their well-being.

Additionally, healthy behaviors and health status were found to play a significant role in supplement consumption. People in good health were more likely to pursue health and well-being by engaging in healthy behaviors, such as exercising and not smoking, and they tended to rate their health as relatively good. Smoking was significantly associated with lower subjective health status (30–35). Thus, individuals with high subjective health levels were more likely to make an effort to manage their health. Functional foods or dietary supplements are consumed in the same context. As shown in our findings, those who engaged in healthy behaviors and rated their health as good tended to consume more dietary supplements, which is consistent with the previous study (18). However, this is still controversial; some studies have revealed that health-oriented people were more likely to adopt functional food as a complementary health practice to lead healthy lives (16, 19), whereas smokers or those with poor subjective health were more likely to take functional foods or dietary supplements (12, 17, 18). However, our findings confirmed that the consumption of dietary supplements could be identified as part of health promotion, an individual’s effort to improve health, which is consistent with previous studies (16, 18–20, 36).

Regarding the morbidity of the study participants, we performed logistic regression using two models. As a result, the intake of dietary supplements was not significantly associated with health vulnerability. Presumably, we assumed that those who had chronic diseases or previously experienced serious diseases might be more inclined to consume dietary supplements. However, our findings did not support this assumption. In model I, which considered the number of chronic diseases, only obesity was significant, confirming that the more obese people were, the less they consumed dietary supplements (OR = 0.85; 95% CI, 0.74–0.97). This could be interpreted that people who are more health conscious are more likely to be concerned about improving their health, including weight management, and that these people consume more dietary supplements. This is consistent with Bailey et al. study (18). In model II, which included significant chronic diseases in the univariate regression analysis, obesity (OR = 0.85; 95% CI, 0.74–0.98), hypertension (OR = 3.14; 95% CI, 1.36–7.21), osteoporosis (OR = 1.47; 95% CI, 1.11–1.95), and asthma (OR = 0.44; 95% CI, 0.27–0.73) showed a significant association with consumption of dietary supplements. People with hypertension, and osteoporosis consumed more dietary supplements but those with obesity and asthma did not. This is partly consistent with other studies: Mahdavi-Roshan et al. found that people with diabetes, hypertension, cardiovascular disease, and obesity adopted more dietary supplements (14), and Choi et al. revealed that people with disabilities or chronic diseases and those who were hospitalized or who consulted doctors consumed more dietary supplements (22).

This study has several limitations. First, as stated earlier, we had difficulty in choosing the term “dietary supplement,” which is used literally in the KNHANES and is not different from, but includes functional foods in Korea. People’s perceptions of dietary supplements and functional foods are important since the definition of these terms differs from country to country. While there are arguments for a clear distinction between the two terms, they are perceived identically, at least by Koreans. Therefore, this study treated them as the same as they are perceived by the ordinary Koreans, which may not be acceptable in other contexts. However, for a more accurate investigation, it is necessary to provide a clear definition of dietary supplements in the future or to revise them to the official regulatory term “functional food.” Second, cross-sectional data were used. To identify the factors influencing the intake of dietary supplements, cross-sectional data should be interpreted with caution. Therefore, further studies using longitudinal data are required. Third, there are no existing systematic studies on the association between morbidity/prevalence and dietary supplement intake; therefore, more detailed studies are needed in the future. Finally, some of the results of this study differ from those of previous studies. In particular, previous studies on Koreans showed that chronic diseases or disabilities, medical visits, or hospitalizations had a significant effect on dietary supplement intake; however, this study did not show consistent results. However, given that our research was based on nationwide representative data, which usually allows for the generalization of results, our study yielded more reliable and valid results.

Despite these limitations, it is worth noting that our study was the first to investigate factors contributing to dietary supplement consumption in Korea using nationally representative data. In contrast to existing research, we investigated the factors that influence dietary supplement intake through a systematic approach by considering not only sociodemographics and health behaviors but also subjective health status, HRQoL, and comorbidities or predisposing diseases. In particular, the current prevalence or subjective health status, including HRQoL, which was not considered in previous studies, was explored in our study. Stroke, cancer, and myocardial infarction/angina, which are generally considered to have a tremendous impact on health, were not significant; however, hypertension, osteoporosis, obesity, and asthma were. Further studies are needed to identify the impact of the experience of disastrous diseases on health-promoting behaviors (i.e., dietary supplement consumption) using longitudinal data. Subjective health, HRQoL, and healthy behaviors were positively associated with dietary supplement consumption.

In conclusion, our study confirmed, as identified by previous studies (11, 16, 18–21, 36, 37), that the consumption of dietary supplements can be understood in the same context as individual health promotion activities for well-being or healthy living among Koreans. Given that the purpose of dietary supplements is to provide a positive impact on health and well-being beyond their nutritive content, dietary supplement policy targeting Koreans should focus on ensuring the safety and quality of dietary supplements as well as providing accurate information to consumers in the area of health promotion rather than therapeutic effects.
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