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Dietary supplements (DS) are used by about 30–50% of adults in developed countries. However, only a few studies have compared the characteristics of DS users in different nations. This study aimed to identify and compare selected health-related behaviors of DS users from three European countries. A total of 3,588 adults (32.08 ± 8.04 years) from Poland (1,030 females, 287 males), Germany (994 females, 190 males), and the United Kingdom (911 females, 176 males) were included in the analysis. The study was based on a self-administered survey consisting of 70 questions regarding baseline characteristics, lifestyle, eating, and health habits. The associations of the obtained results were compared using the Kruskal–Wallis test, Pearson Chi-Square test, and Cramer's V value. The highest percentage of DS users (56.98%, n = 2,044) had a correct body weight, while higher body weight values were observed in 39.19% (n = 1,406). In terms of lifestyle, statistically significant differences (p < 0.05) were noted for alcohol consumption and the level of physical activity. Fruit and vegetables were most often consumed a few times a weeks (34.67%, n = 1,244). A similar result was observed for the consumption of whole grain (37.76%, n = 1,355), dairy (39.99%, n = 1,435), eggs (49.67%, n = 1,782), and meat (51.45%, n = 1,846). Most DS users did not have a chronic disease (66.72%, n = 2,394). Among the other conditions, a frequent occurrence (a few times a weeks) of gastrointestinal problems (28.29%, n = 1,015) and concentration disorders (29.15%, n = 1,046) was noted. Cramer's V values (<0.3) indicated a weak (but significant p < 0.05) relationship between the country of residence and most of the analyzed variables. In conclusion, DS users were characterized by a healthy lifestyle with appropriate behaviors but not healthy eating habits.

Keywords: dietary supplements, dietary supplement users, lifestyle, dietary habits, health behaviors, characteristics, consumer surveys


INTRODUCTION

According to the European Food Safety Authority (EFSA), dietary supplements (DS) can be defined as foodstuffs that are consumed for improving the standard diet. DS contain one or more concentrated ingredients such as minerals, vitamins, amino acids, herbal extracts, dietary fiber, and/or other substances with a nutritional or physiological effect. These can be easily taken orally, and are most often available in the form of capsules, tablets, pills, powders, and liquid (1). Studies indicate that at present, nearly half of the adult population in developed countries, such as the United States and Denmark, use DS (2, 3). While in other high-income countries such as Australia, South Korea, and United Arab Emirates, the proportion of DS users is around 30% (4–6). A rapid increase in the use of DS has been observed in most regions of the world over the last 35 years (7). Moreover, it has been documented that the Coronavirus pandemic has contributed to developing the DS market (8).

Following the definition, DS cannot replace a balanced healthy diet, and their consumption should depend on the nutritional status and nutrition type of individuals and populations. Results from analyzing the intake of 17 basic micronutrients in adult's diets across different European countries (including Poland, the United Kingdom, and Germany), revealed an extremely low intake of vitamin D3. Moreover, zinc, iron in women of childbearing age, vitamin A, and folic acid was consumed at an insufficient level (9). For this reason in some countries, recommendations regarding vitamin D supplementation have been published. National Health Service England (NHS) recommends that adults require an average of 10 μg of vitamin D3 per day and should consider taking a daily supplement during the autumn and winter months (10). The Polish expert panel represents a similar position (11). Better understanding the scope of nutrient intake adequacy across Europe is still a significant challenge.

DS are used not only to correct nutritional deficiencies but also to improve cognitive performance and overall health, prevent diseases, increase the body's efficiency, or even to extend the expected lifetime (12–14). The effectiveness of dietary supplementation in the treatment of chronic diseases is still under debate. Evidence supporting the use of vitamin and mineral supplements for the treatment or prevention of non-communicable diseases, such as cardiovascular disorders or cancer, is inadequate (15, 16). However, supplementation has been shown to be beneficial in the treatment of various commonly occurring diseases such as diabetes, obesity, and mental illness (17–19). The effect of DS can be determined by several factors, such as the type, dose, and chemical composition of the preparation, usage period, and regularity.

An important issue that gives rise to doubts both among specialists and patients regarding the use of DS is their safety. Due to the lack of a universal regulatory system, these products may contain components that are not declared on the nutrition label, such as contaminants, illegal substances, or other active ingredients capable of interacting with prescription medications or food (20, 21). Moreover, DS may affect the metabolic or physiological functions of the body. Therefore, the decision to use them should be well-considered, justified, and discussed with a health care professional. The users should routinely check the chosen products to avoid potential threats associated with their intake (20, 21).

Previous surveys on the determinants of DS have compared participants using DS and non-users (22, 23) and indicated that supplement users are more likely to be women, non-smokers, older, and have higher educational levels and incomes than people who do not use DS. Studies have shown that supplement users are typically characterized by a more healthy lifestyle, with proper eating habits, a high level of physical activity (PA), greater consumption of fruit and vegetables, and limited consumption of alcoholic beverages (24–27).

The use of DS is of interest to scientists, clinicians, and patients because these easily accessible products have a huge influence on human health. Researchers have been emphasizing the need for studies on large groups of people to understand the impact of DS on health (22). Unfortunately, the comparison of DS users within diverse populations is challenging due to the varying definitions of DS, periods of DS use, or methods of data collection (28, 29). Thus far, studies analyzing the characteristics of DS users have mostly focused on only one population (e.g., from the same country) (5, 30–33). An exception is the SENECA project (34, 35), and studies conducted by Skeie (36) and Foote (37). However, due to the rapid development of the DS market in recent years, more than 20-year-old research results need to be updated. Knowledge about the characteristics of DS users from different European countries can help to develop effective public health interventions and universal protocols for the administration of supplements (38). This study aimed to identify and compare selected health-related behaviors among the population of DS users from three European countries.



MATERIALS AND METHODS


Study Design and Participants

This survey-based research was conducted among 3,588 DS users. A self-administered questionnaire, which was available online, was used for the study. The participants were asked to fill in the questionnaire only once. Employees of Sundose sp. z o.o. participated in the data collection and encryption.

The data for the study were collected between January 2021 and November 2021. Women and men who were using DS and filled in the survey questionnaire were eligible for the study. Additional inclusion criteria were as follows: age ≥18 years, lack of mental disorders, and willingness to provide informed consent for participation and personal data. Incomplete, unreal, or conflicting responses were rejected during the data cleaning stage (n = 1,728). The assumption of the data collection stage was to obtain a minimum of 1,000 results from each country. These sample size was sufficient to perform a reliable statistical analysis.



Research Instrument

The self-administrated questionnaire consisted of 70 questions, divided into four categories:

a. Baseline information: gender (female, male); age group (18–30, 31–45, 46–60, 61–75, or >75 years); weight, height, body mass index (BMI); city population (<10.000, 10.000–50.000, 51.000–200.000, 201.000–500.000, or >500.000 people); and the purpose of supplementation (improvement of health, improvement of wellbeing, maintaining the current health state, treatment support, or better outcomes in sports).

b. Lifestyle: activity (from a few times a year to 6+ times during the week) and sport level; sleep problems and duration (from <5 to >10 h); work hours (from I don't work to >12 h); and use of drugs and stimulants.

c. Eating habits: meals quantity; snacks; most popular food categories (fruit and vegetables, whole grain, dairy, eggs, fish, meat, etc.); and food products rich in specific nutrients (e.g., avocado, fermented foods, legumes). The options provided for every question were daily, a few times a week, a few times a month, a few times a year, or no.

d. Health: use of antibiotics and medicaments; presence of skin, hair, and nail problems; diagnosis of immune disorders; diagnosis of gastrointestinal problems; and diagnosis of the most common chronic diseases such as diabetes, hypertension, anemia, osteoporosis, thyroid disease, and others.

Most of the questions required a single selection, while questions regarding age, weight, height, and stimulants required a numeric value. The survey was accessible online directly before the purchase of DS. The participants were aware that their answers define the composition of the purchased product, which made it difficult to obtain reliable data.



Other Covariates

BMI was determined based on the World Health Organization (WHO) classification for adults (39). The value was calculated using the body weight (kg) and height (m) declared by the respondents. Based on the BMI value, the participants were categorized into the following groups: underweight, <18.50 kg/m2; healthy weight, 18.51–24.99 kg/m2; overweight, 25.00–29.99 kg/m2; and obese, >30.00 kg/m2.



Ethical Considerations

The research protocol was approved by the Ethics Committee of Medical University of Lublin, Poland (no. KE-0254/273/2021). All subjects provided informed consent for participation in the study and collecting personal data. The analyzed data did not contain any information that could reveal the identity of the participants.

The manuscript was written following the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines for cross-sectional studies (40).



Statistical Analysis

The obtained results were analyzed using Statistica 13.3 software (StatSoft, Inc., Tulsa, OK, United States). Categorical variables were presented as numbers and percentages, or as mean ± standard deviation if numerical. The normal distribution of numerical data was verified using the Shapiro–Wilk test. The average values from the same gender within different countries were compared using the Kruskal–Wallis test. The association between the analyzed behaviors and the inhabited country was determined using the Pearson Chi-Square test of independence. The strength of association was analyzed by calculating Cramer's V value (41). In order to indicate predictors affecting a single DS purchase cost, a generalized linear regression model analysis was performed (GRM). Significance was set at p < 0.05. The random allocation of participants was performed using the Mersenne Twister algorithm.




RESULTS

A total of 2,935 women and 653 men participated in the study (Table 1). Most of the participants were from Poland (36.71%). The percentage of women was higher compared to men for each analyzed country.


Table 1. Characteristics of the study group.
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Most DS users were in the 18–30 and 31–45-year age group, and the average age of the participants was 32.08 ± 8.04 years. Women and men from Poland were characterized by a significantly lower age than the participants of other countries. The analysis of BMI revealed that the highest percentage of respondents (56.98%, n = 2,044) had a correct body weight, while 39.19% (n = 1,406) of participants had an excessive body weight, of which 14.13% (n = 507) were obese and 25.06% (n = 899) were overweight. The Polish women had a statistically significantly lower body weight and BMI than the German and British women. A similar trend was observed for the men group. The data presented in Table 1 proved that most of the participants were from medium-sized (with 201.000–500.000 people) or large cities (with >500.000 people). The largest agglomerations were mostly inhabited by Polish and British than German DS users. Improvement of wellbeing (49.44%, n = 177) and health (43.56%, n = 1,563) were the primary purposes of supplementation, while only 1.48% (n = 53) of the study group declared that they used DS for maintaining the current health state. Table 2 presents the results of the analysis of lifestyle behaviors in the study group.


Table 2. Lifestyle characteristics of DS users.
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Analysis of selected lifestyle elements was also carried out. No significant differences in gender and country of residence were observed among participants in terms of playing a sport. Among DS users who were involved in sports training (54.54%, n = 1,957), the largest percentage declared recreational level (28.51%, n = 1,023). Additional PA was rarely performed (<1 time a week, 29.32%), or the frequency was average (2–3 times a week, 30.29%). The responses showed that the number of sleep hours and sleep problems did not differ among the participants. Most participants (60.23%, n = 2,161) indicated that they slept 7–8 h a day and did not declare sleep problems (41.16%, n = 1,477). The analysis of differences with respect to country revealed no statistically significant differences in cigarette smoking and daily coffee intake among participants. On the other hand, significant differences were observed for alcohol consumption. In the group of women, the largest percentage of abstainers (44.06%, n = 438) were from Germany, who also consumed a significantly less amount of beer and vodka than their counterparts. Similarly, British male participants consumed significantly less wine and vodka than Poles and Germans. Compared to British and German participants, Polish men and women consumed the most considerable amounts of high-percent alcohol. Table 3 shows eating habits of the study group.


Table 3. Eating habits of the study group.
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Among dietary factors, significant differences were observed in the number of meals consumed during the day. The DS users from Poland consumed statistically significantly more number of meals than others. Furthermore, participants from Germany and the United Kingdom more often consumed snacks every day. Fruit and vegetables were most often consumed a few times a week (34.67%, n = 1,244). Similarly, whole grain (37.76%, n = 1,355), dairy (39.99%, n = 1,435), eggs (49.67%, n=1782), and meat (51.45%, n = 1,846). Avocado (34.56%, n = 1,240), legumes (36.62%, n = 1,314), fish (56.44%, n = 2,025), nuts (38.55%, n = 1,383), and fermented food (43.16%, n = 1,547) were consumed only a few times a month. The Kruskal–Wallis test revealed single statistically significant differences within the study group for the consumption of whole grain, dairy, eggs, and nuts. Table 4 presents the results of the analysis of health behaviors in the study group.


Table 4. Health characteristics of the study group.
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The results indicated that most of the DS users did not have any diagnosed chronic disease, while the remaining suffered from hypothyroidism (8.39%, n = 309) or anemia (2.81%, n = 101). The amount and type of medications used by these participants corresponded with these diagnosed conditions. A considerable number of participants declared frequent occurrence (a few times a week) of gastrointestinal problems (28.29%, n = 1,015) and concentration disorders (29.15%, n = 1,046), while headaches (40.61%, n = 1,457), and muscle tremors (29.40%, n = 1,055) were reported slightly less frequently (a few times a month). Immune disorders were relatively rare (39.13% (n = 1,404) did not have them in the last year), and the frequency of antibiotic use was also very less. The most frequently reported skin, hair, and nail conditions were, respectively, dry/rough (48.08%, n = 1,725), loss (55.21%, n = 1,981), and fragile/brittle (40.38%, n = 1,449). Regarding health characteristics, the men group was more homogeneous than females.

Table 5 presents the association between the analyzed behaviors and the country of residence in the study group.


Table 5. Association between the analyzed behaviors and the country of residence in the study group.
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In consonance with the Pearson Chi-Square test requirement for independence, in at least 80% of cells, the expected value should be 5 or greater (42). Accordingly, medicaments and diagnosed diseases were excluded from the analysis.

The strength of association between variables was determined through Cramer's V tests. The values of V can range from 0 to 1. A value of 1 or 0 indicates a strong or lack of a relationship, respectively, while values <0.3 indicate a weak relationship between the analyzed variables. The results obtained in this study showed an association between most of the analyzed behaviors and the country of residence (p < 0.05), whereas no association was found for sports training, sport level, sleep problems, sleep hours, and whole-grain consumption (p > 0.05).

A tendency to invest in DS may indirectly influence the determination to use supplementation. An average single cost of a purchased DS in a study group was 15.6 €. In order to indicate predictors affecting this value, a generalized linear regression model analysis was performed. The significant (p < 0.05) effects and their interactions are specified in Table 6. The results indicate that the cost of single DS purchase variability depends on diverse factors—related to health characteristics, eating habits, lifestyle or demographic parameters.


Table 6. Generalized linear regression model (GRM) for an average cost of a purchased DS.
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The SS-test for the presented complete model in relation to SS-test for the residues indicates that the model describes medium-well the dependent variable, as it is evidenced by a value of the determination coefficient. The R2 of 0.518 indicates that 51.8% of the variance of the dependent variable cost is explained by this model. Therefore, the remaining 48.2% of the variation is explained by other unidentified factors.



DISCUSSION

A rapid increase in the use of DS in recent years prompted us to compare selected health-related behaviors in DS users. Furthermore, only a few studies have been conducted so far among DS users from different nationalities (34–37). Thus, the present study is the first to provide detailed information on personalized DS users from Poland, Germany, and the United Kingdom.

Several research teams have compared the users and non-users of DS (5, 23, 24, 43–48). In terms of gender, the results obtained in this study are consistent with most scientific reports, in which it has been shown that DS are more often used by women. Some reports (5, 24, 44, 45, 49) suggest women predominance in the range of 5–10 percentage points, while other studies (22, 23, 34, 47, 49), including ours, indicate more significant gender discrepancy. Few studies have shown more frequent consumption of DS by men (47). The average age of the participants in the present study was 32.08 ± 8.04 years, and the largest percentage of DS users were in the age group of 18–30 years (49.55%). The obtained values are lower compared to those presented in most of the earlier studies. This may be due to the fact that in our study, the purchase of DS was mainly via the Internet, which is more often practiced by young people (50–52). A relationship between the use of DS and the correct BMI has been demonstrated in previous studies (5, 22, 23, 43, 49). Our study showed a normal BMI in most of the participants. However, significant differences were observed in terms of gender and country of residence. The average BMI of men and women from Germany indicated overweight (BMI > 25 kg/m2). Similar results have been reported for DS users from Greece (30) and Belgium (31). It is worth emphasizing that in this study the DS users group included a low percentage of obese people (14.13%), compared to domestic populations, as around 24% in Poland (53) or Germany (54) and 28% in the United Kingdom are obese (55).

The results of our investigation showed that the main purposes for DS use are improvement of health and wellbeing. Previous studies have shown that the most frequently reported reasons for DS use are “solving or overcoming health problems”(22), “health” (43), “injury or illness” (56), or “medical need/deficiency”(47). These outcomes are in contrast with the reported overall health. The findings of the present study indicated that 66.72% of participants were not diagnosed with any chronic disease. Other studies had also well-documented that most DS users are characterized by appropriate health status. Burnett et al. (5) showed a lack of chronic disease in 91.36% of participants. Similarly, Radwan et al. (47) and Rontogianni et al. (30) revealed that the majority of DS users do not suffer from persistent illnesses. On the other hand, some reports indicated a lower percentage (around 20%) of healthy adults in the studied population (44, 45). Skin, hair, and nail problems were the most common in the group analyzed in the present study. A literature search suggested that this is the first study to report numerous dermatological disorders among DS users. Previous studies have shown that “beauty” or “skin, hair, nails” is one of the primary purposes of supplementation (14, 22, 25, 43). Taking all these into account, the results of the present study confirm the expectations that the global beauty supplement market will reach $7 billion by 2024 (57). Regarding medications, our results showed that contraceptives were the most frequently used drug among the participants (10.23%). As revealed by numerous studies, the main ingredient of DS that may reduce the effectiveness of oral contraceptives and increase the risk of breakthrough bleeding is St. John's wort (58–60). Therefore, women taking oral contraceptives should pay attention to the composition of herbal supplements.

According to the WHO (61), regular PA (at least five times a week) can contribute to an improvement in biomedical markers. Our results showed that only 25.92% of DS users followed regular PA. The highest percentage of British DS users were involved in PA for 4–5 times a week, with statistically significant differences observed among women. Additionally, 10.00% of German men and 4.94% of British women were active, involving in PA >6 times a week. These results are in line with the study of Kim et al. (44), who reported that 27.79% of DS users declared a “high” level of PA. Among Australian adults, 43.00% of DS users met the national recommendations (5). Similar results were indicated by Pouchieu et al. (22) (42.50%) and Guo et al. (32) (47.90%). Another study (33) showed that only 15.30% of male and 21.30% of female DS users in Japan undertook physical exercise for 3–7 times a week. On the other hand, as much as 57.6% of Belgium army men declared a high level of PA (31).

The recommended sleep duration for adults is 7 h/day or more (62). The obtained results proved that more than 60% of DS users met this recommendation. No statistically significant differences were observed between participants in terms of country and gender. Furthermore, most of the participants (61.16%) did not have any sleep problems. Our results confirmed those reported by Dickinson et al. (14), who showed that DS users significantly more often “had a good night's sleep” compared to non-users (70 vs. 63%). Several studies concerning lifestyle characteristics have analyzed behaviors such as cigarette smoking, alcohol use, or coffee consumption among DS users. In the current study, 79.37% of participants declared no smoking (p > 0.05 for country and gender). This value agrees with most of the previous works, in which 75.9–88.24% of DS users have been described as ex-smokers and/or non-smokers (5, 22, 31, 32, 37, 44, 47, 63). Former studies have indicated a significant, positive association between alcohol absence and DS use (24, 63, 64). Moreover, the association with different types of alcohol separately has been widely investigated. In contrast to beer consumption, a positive relationship has been found for wine consumption (65, 66). Scientific reports mention different percentages of abstainers among DS users. For example, Rautiainen et al. (23) showed 16.4% of the study group were non-drinkers, and Rontogianni et al. (30) reported 12.21%. On the other hand, Kim et al. (44) and Guo et al. (32) showed a higher percentage of non-drinkers (41.62 and 40.9%, respectively). Our results demonstrated that 37.18% were abstainers, of which the largest (p < 0.05) percentage were German females (44.06%). Few works regarding coffee intake among DS users have shown an inverse relationship between supplement use and coffee consumption in the women group (66). Our research indicated that the highest percentage of DS users (44.68%) consumed reasonable amounts of coffee (about 2–3 cups a day) in each studied country.

According to previous studies (25, 37), participants practicing correct dietary habits used DS more often than those who had not been following a proper diet. The most frequently analyzed eating habit was the consumption of fruit and vegetables. Some reports proved that more than 46.00% of DS users eat ≥5 servings of fruit and vegetables daily (32, 43). Reedy et al. (45) and Beitz et al. (66) indicated that DS users consumed adequate portions of fruit and vegetables per days (5.63 and 6.71, respectively). In contrast, only 7.49% of Australian DS users met daily guidelines (67) recommending five servings of vegetables and two servings of fruit (5). Our results revealed that 25.92% of respondents consumed a sufficient amount of vegetables and fruit (a few times a days). Significant differences were observed with respect to gender and country (the most favorable results were obtained for British DS users). The other plant-based foods (legumes, nuts, avocado) were most often consumed several times a months. It is recommended that legumes should be consumed 2–3 times a week (68) and unsalted nuts should be consumed four times a week (or 30 g daily) (69). However, our study showed that only 14.69% (for legumes) and 17.14% (for nuts) of the participants met these guidelines. Similarly, less than one-fourth of the study group (24.78%) consumed whole grain daily, as per the recommendations (70). Animal products (dairy, eggs, meat) were most often consumed a few times a week which is also in line with the guidelines (71–73). In contrast, the frequency of fish consumption by most of the studied DS users was insufficient (74).

Our results indicated that the number of meals consumed during the day significantly differed in the study group. Female DS users from Poland often consumed significantly more number [4 (37.18%) or 5 (18.83%)] of meals compared to Germans and British women. On the other hand, no differences were observed based on nationalities in the group of men. The largest percentage (over 40.00%) consumed three meals a day, which is less than the current Polish or German recommendations (4–5 meals) (75, 76) but in accordance with the British guidelines (at least three meals) (77).

The study has several strengths. First, the analysis of data from different countries allowed for a more comprehensive consideration of dietary supplementation issues. Second, all participants acquired DS from the same source and in a similar form. This enabled eliminating variations in the definition of supplement users, which was an issue in several previous studies (28, 29, 43, 66). A wide range of data was analyzed, contributing to a comprehensive assessment of the most common health behaviors. Furthermore, this research was conducted by an interdisciplinary team consisting of dietitians (KI., MM., TS.), biotechnologists (AK., MC., AP.), and pharmacists (WK.), by applying a multidimensional approach.

Although further studies on a larger number of participants are needed, the sample of DS users analyzed in this study is similar to those investigated in some previous studies on this topic (5, 30, 31, 48, 49). A limitation of the study is the use of a self-administered questionnaire, which might cause errors in data collection. Moreover, the study could not collect detailed information on the size of food portions, components of applied supplements, or health measures. However, similar results have been obtained in several previous works.



CONCLUSIONS

In summary, the obtained results demonstrate that DS users had a proper health state associated with healthy lifestyle behaviors. Most participants were characterized by a correct BMI, limited smoking and alcohol consumption, a rare occurrence of diseases, and sufficient sleep. However, the consumption of fruit and vegetables, nuts, legumes, and fish was low and meal frequency was inadequate in the study group. Most of the analyzed behaviors showed an association with nationality.
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Afewlyears 648 (18.06) 238 (2311 56(19.51) 177 (17.818 30(15790 114 (1251)8 33 (18.75)
No 395 (11.01) 89 (8.64p% 28 (9.76) 123 (12.377 25 (13.16) 116 (12.737 14 (7.95P
Meat
Daily 790 (22.02) 202 (19.61/* 125 (43,550 118 (11.87)° 63(33.16 196 (21.51* 86 (48.86)"
Afew/weeks 1,846 (51.45) 558 (54.17* 119 (41.46) 532 (63.52/* 95(50.007 473 (51.92° 69 (39.20°
Afew/months 510(14.21) 142 (13.79 25 8.71) 206 (20.72 1UEI7e 11112188 12(6.82°
Afew/years 80(2.23) 19 (1.84% 4(1.399 32 (3.2 5(2.63° 19 (2000 1057
No 362 (10.09) 109 (1058 14 (4.889 106 (10.66/* 136849  112(12297 8(4.559
Nuts
Daily 174 (4.85) 34 (3301 15 (5.23 59 (5.942 9 (4.74p 51 (5.60° 6(3.419
Afew/weeks 615 (17.14) 151 (14.66/* 45 (15.68) 166 (16.70/ 25(13.16 188 (20,647 40 (22.73)
A few/months. 1,383 (38.55) 411 (39.90° 102 (35.54)* 389 (39.13* 70 (36.84) 347 (38.001° 64 (36.36)
Afewlyears 894 (24.92) 275 (26.70P 76 (26.48)° 251 (25.25 45(2368 207 (22.72 40 (22.739
No 522 (14.55) 159 (1544 49 (17.097 129 (12.98p 4121587 118(12.95° 26 (14.77
Fermented food
Daily 55 (1.53) 1201470 2(0.70 24 (2417 52,639 11210 1057
Afew/weeks 375 (10.45) 131 (12,729 35 (12.201 616,14 15(7.80F 119 (13.08/ 14 (7.95
Afew/months 1,647 (43.16) 532 (51.65/* 148 (5157 330(33.20° 65(34.21)° 388 (42.59° 84 (4773
Afewlyears 927 (25.84) 257 2495 71 (24.74 305 (30.68/°® 54(28427 197 (21.628 43 (24.43
No 684 (19.06) 98 (9.51)8 31(10.80)® 274 (27570 51 (26.84) 196 (21.512 34 (19.32)20

4ECYalues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Walls test). *Values with different letters in the same row are
significantly different at p < 0.05 in the male group (Kruskal-Walls test).
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n=3588 1030 (7821 287 21.797 994 (8395 190 (16,050 911 (8381 176 (16.19
Diagnosed disease
No 2,394 (66.72) 637 (61.84)° 201 (70,03 653(65.60'®  135(71.05° 633 (69.48 135 (76701
Anemia 101 (2.81) 26 (.52 1(0.35° 30 (3.02° 2(1.059 42 (.61 0 (0.00)
Atherosclerosis 4(0.11) 30297 0(0.007 1(0.107 0(0.00° 0(0.00* 0(0.007
Diabetes 23(0.64) 50499 2(0.709 9091 2(1.059 3(033 2(1.14p
Hypertension 59 (1.64) 10 (.97 12 (4187 13(1.31° 13 (6.847 6(0.66/* 5 (2841
Hyperthyroidism 10(0.28) 30299 0(0.00" 3(0.304 1(0.5972 3(033 00007
Hypothyroidism 301 (8.39) 118 (11.467 5(1.748 103 (10.36/8 84217 65 (7.14)2 2(1.14p
Liver disease 15(0.42) 10107 4(1.399 0(0.00A 4@A1P 4(044p 2(1.14p
Osteoporosis 7(0.20) 10107 2(0.709 2(0.207 0(0.009 20220 0 (0007
Rheumatism 30(0.84) 11(1.070 10352 10(1.014 1(0.532 6 (0.66/ 10577
Other 644 (17.95) 215 (20.87)* 59 (20.56)° 170 (17.10P 24(1263° 147 (16.140 29 (16.487
Bowel disease
No 3,227 (89.94) 903 (87671 262 (91.291 905 (9105 1779316 812 (89.13 168 (95.45)°
Coeliac disease 24(0.67) 70687 2(0.705* 10(1.01° 0(0.001 5(0.55 0 (0.001
Crohn's disease 15(0.42) 30297 0(0.007 8(0.80 0(0.007 40449 0(0.007
Intestinal ulcers 21(0.59) 40397 2(0.701 4 (0.40 2(1.0592 5 (0.550 42270
SIBO/IBS 128 (357) 46 (447 93147 10(1.01° 2(1.059 58 (6.731 3(1.70
Other 173 (4.82) 67 (6.50/* 124180 57 (5731 9 (4749 27 (2.96/ 10570
Gastrointestinal problems (flatulence; bloating; rumbling in intestines)
daily 510 (14.21) 153 (14.85* 43 (14.988 145 (14.59p 22(11.587 121 (1328 26 (14.777
afew/weeks 1,015 (28.29) 301 (29.220* 73 (26441 282 (28,37 55(2895° 261 (28657 43 (24430
a few/months 1,004 (27.98) 322 (31.26) 91 (31.71)2 260 (26.16)* 38 (20.00)> 258 (28.32/0 35 (19.89
afewlyears 195 (5.43) 58 (563 19 (6.62) 43 (433 10(5.26 57 (6.26f* 84551
No 864 (24.08) 196 (19.03)® 61 (21.25)P 264 (26.56/* 65(34.212 214 (23.49/8 64 (36.36)
Vomit/diarrhea
Daily 31(0.86) 10 (0.97° 2(0.705 9(0.917 2(1.059 70779 1057
a few/weeks 163 (4.54) 42 (4.087 13 (4537 54 (5.437 10 (5.262 37 (4.060 7 (3.98p
afew/months 567 (15.80) 173 (16.80 42 (14.638 161 (16.20 32(16.84F 141 (15.841 18 (10.237
afew/years 498 (13.88) 155 (15.05/8 42 (1463 101 (10.16)8 13 (6.842 168 (18.44 19 (10.80p
No 2,329 (64.91) 650 (63.11)* 188 (6551 669 (67.30/* 133 (70007 558 (61.258 131 (74.43
Immune disorders (throat infection;sinusitis; flu) in the last years.
No 1,404 (39.13) 306 (29.71)° 94 (32.75)° 496 (49.90/* 105 (65267 331 (36.33 72 (40915
1x/season 1,162 (32.39) 367 (3569 91 (31.710 248 (24.95)° 55(2895° 337 36.99/ 64 (36.36)°
1x/quarter 758 (21.13) 259 (25152 80 (27.87)° 186 (18.71)8 23(12.11)° 179 (19.65/8 31 (17.61)°
1x/months 200 (6.57) 78(7.57/* 14 (4.887 47 (4.73p 73,680 47 516 7(3.98¢
> 2x/months. 64 (1.78) 20 (1.94° 8(2.797 17 (1.71° 0(0.005 17 (1.877 2 (1.14p
Headaches
Daily 103 (2.87) 30 (291 4(1.399 313128 4@ 27 (296 73980
a few/weeks 640 (17.84) 189 (18.35* 30 (10.45)2 214 (21.58p 20 (10.53 161 (17.677 26 (14.777
afew/months 1,457 (40.61) 481 (46.70 83(30.33 394 (30648 52(27.37) 398 (43,6918 44 (25.00
afewfyears 415 (11.57) 128 (12.43 47 (16.38 97 9.7/ 22(11.587 100 (10.98) 21 (11.938
No 973 (27.12) 202 (19.61° 18 (41112 258 (25.96/* 9248427 225 (24.7018 78 (44.32
Concentration problems
Daily 591 (16.47) 170 (1650 54(18.82° 153 (15.30 1910007 166 (18.22 29 (16.48)
afew/weeks 1,046 (29.15) 323 (31367 85 (29.62)° 285 (28.67/* 47 (24740 265 (28.10P 50 (28.41)°
afew/months 801 (22.32) 242 (23,50 54 (18,82 235 (23.64)* 3920587 206 (22,61 25 (14.201
afewlyears 121(337) 26 (2.52/* 7447 353529 6(3.16° 41 (450P 63417
No 1,029 (28.68) 269 (26.12/* 87 (30315 286 (28.77/ 79(41.58° 242 (2656 66 (37.50)°
Muscle tremors.
Daily 134 3.73) 37 (359 17 6.92° 26 (262 5(263° 38 (417 11(6.259
afew/weeks 457 (12.74) 140 (13.59/* 41 (14.290 106 (10.66/ 2412637 123 (1350 23 (13.07)°
afew/months 1,085 (29.40) 364 (35.34)* 89 (31.01 259 (26.06° 40(21.05° 257 (28218 46 (26.14)°
afewlyears 464 (12.99) 154 (14.95/ 45 (15,68 103 (1036 19(10007  125(18.72 18 (1023
No 1478 (41.19) 335 (32.52° 95 (33.10P 500 (50302 102(53.68° 368 (40.408 78 (4432
Skin problems(multiple choice)
No 821 (22.88) 161 (15.63)* 105 (36.59) 192 (19324 934895  185(20.31) 85 (48.307
Acne 1,321 (36.82) 425 (41.26/* 72 (25.090 379 (38.13 37(1947 379 (41.60} 29 (16.48
Discoloration 1,008 (30.60) 424 @117 46 (16,03 257 (25.86)® 19(10007 321 (35.24p 31 (17,610
Dry and rough 1,725 (48.08) 571 (65.44* 110 (38.33) 524 (52.72* 66 (34.74)% 391 (42.92)8 63 (35.80%
Flaking 428 (11.99) 124(12.047 45 (15,68 19 (11974 23(12.11° 87 (9.5 30 (17.08)°
Perleche 312(8.70) 111 (10.78/ 28(9.76) 105 (10.56* 73687 52 (5.71)8 96117
Slow wound healing 504 (14.05) 163 (1583 17 (5,92 147 (14799 147370 146(16037 17 (9.66)
Keratosis 474 (13.21) 140 (13.59*8 47 (16.38) 184 (1851 14 (7.372 78 (8.56)® 11 (6.25P
Other 422 (11.76) 104 (10.10p* 217320 130 (13.08/* 18(9.477  136(14937 13 (7.399
Hair problems (multiple choice)
No 1,082 (30.16) 211 (20.49)8 167 (58.19) 284 (28570 111(68.422 210 (23.050°8 99 (56.25)
Danduff 642 (17.89) 194 (18.83/* 41 (14290 190 (19114 23 (12117 169 (18550 25 (1420
Dry and brittle 1,641 (45.74) 568 (65.15/* 3211150 51161417 26(13.68° 485 (53.247 19 (1080
Loss 1,981 (66.21) 677 (65.73)8 89 (31.019 526 (52.927 58 (30.58)2 580 (63.67)8 51(28.98)
Matt 1,013 (28.23) 361 (35.05/* 25 @.71) 295 (20.68/* 16(8.42° 299 (32827 17 (9.66
Other 337 (9.39) 94 (913 19(6.627 103 (10.36 147377 92(10.100 15 (8.52
Nail problems (multiple choice)
No 1,700 (47.38) 393 (38.16)* 214 (74.56 476 (47.89)8 146 (76.84° 349 (38.31)* 122 (69.32)*
Fragile and britle 1,449 (40.38) 549 (63.30/* 45 (15.68f 371(37.32° 25(13.16°  433(47.53 26 (14.77)
Grow slowly 520 (14.49) 155 (15.05/* 6(2.097 168 (16.90/* 11 (.79 172 (18.88* 8 (4.551
Inflammations 122 (3.40) 20 (1.94 8(2.79 49 (493 7 (3.687 32 (3514 6(3.4172
Splitting 1,086 (29.71) 343 (33.30 27 Q411 314 (31597 17(895° 343 (37.65P 22 (12,50
White spots 562 (15.66) 170 (16.50/ 27 Q41 154 (15.49P 13(6.848  170(18.667 28 (15910
Other 148 (4.12) 26 (252 124187 51(6.137 73689 40 (4399 12 (6.82)°
Medicaments (multiple choice)
No 2,443 (68.09) 636 (61.75)° 227 (79.00) 650 (65.39)"8 147 (77.37 643 (70.58) 140 (79.54
Anticancer 5(0.14) 0 (0.0 0(0.007 40404 0(0.007 10114 0(0.009
Antiepileptic 10(0.28) 5 (0.49 0 (0.00 5 (0.50 0(0.00 0(0.001 0 (0.001*
Contraceptives 367 (10.23) 135 (1811 0(0.007 128 (12.88/ 0(0.007 104 (11.42 0(0.009
Diuretics 16 (0.45) 7 (0.68° 4(1.3992 5 (0.50 0(0.002 0(0.001 0 (0.007
For stomach acidity 62(1.73) 17 (1.657 7 .44 18 (1.817 5(2.63 9(0.997 6(3.4192
Metformin 42(1.17) 23 (2237 1035 9091/ 2(1.089 5(0.55/ 2(1.14p
Salicylates 8(022) 30299 1035 3(0.304 0(0.007 10117 0(0.008
Steroids 40 (1.11) 20 (1941 41399 40404 3(1.587 6(0.66/* 3(1.708
Chelation therapy 1(0.03) 0 (0,004 0(0.007 1(0.104 0(0.007 0(0.007 0(0.00¢
Other 773 (21.54) 254 (24.66)* 51(17.77) 231 (23,24 35(18.42°  175(19.21 27 (1534
Antibiotics in the last 4 years
No 1,306 (36.40) 285 (27.67)8 92 (32.06)° 367 (36.92° 93 (48.95)* 373 (40.94* 96 (54.55)
1-2x 1,434 (39.97) 441 (42,820 17 (40771 390 (39.241 75(39.47° 354 (38.86) 57 (32.39°
3-4x 575 (16.03) 199 (19.32% 47 (1638 158 (15.904 13 (6.84) 139 (15.26 19 (10.805
5+ 273(7.61) 105 (10.19/* 31(10.808 79 (7.95) 9(.74p 45 (4.490 4279

ABCValues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Wallis test). @<Values with different letters in the same row are
significantly different at p < 0.05 in the male group (Kruskal-Wallis test).
SIBO, small intestinal bacterial overgrowth; IBS, irritable bowel syndrome.
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40V alues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Wells test. **Values with different letters in the same row are
significantly different at p < 0.05 in the male group (Kruskal-Walls tes).

BMI, body mass index.
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6+/week 182 (5.07) 46 (4.471 21(7.32° 40 (4.02P 19 (10.00 45 (4.949 11 (6.257
Training sport
Yes 1,957 (54.54) 518 (50200 178 (62.02) 539 (5429 120 (63.16/* 507 (55.65/* 95 (53.981
No 1631 (45.46) 512 (4971 109 (37.98)* 455 (45,77 70 (36.847 404 (44,350 81(46.02
Sport level
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No 1,334 (37.18) 398 (38.64/°8 57 (19.867 438 (44.06/* 55 (28957 336 (36.89)8 50 (28413
Weekly alcohol intake*
Beer (bottle 500m) 1584280 0658+ 153 22124308 0438 £1.29 290° +477 0604 1,62 2.80° 4480
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No 608 (16.95) 169 (16.41 5107770 182 (18.31 27 (14217 153 (16.79/ 26 (1477
Occasionally 281(7.83) 82 (7.961 25 @717 73 (7.340 13 (6.841 7@ 79h 17 (.66
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48CYalues with different letters in the same row are significantly different at p < 0.05 in the female group (Kruskal-Walls test). ®<Values with different letters in the same row are
significantly different at p < 0.05 in the male group (Kruskal-Walls tes).
“Amount of alcohol per portion.
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