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Flavonoids are bioactive plant compounds that are widely present in the human diet. Estimating flavonoid intake with a high degree of certainty is challenging due to the inherent limitations of dietary questionnaires and food composition databases. This study aimed to evaluate the degree of reliability among flavonoid intakes estimated using four different approaches based on the two most comprehensive flavonoid databases, namely, United States Department of Agriculture (USDA) and Phenol Explorer (PE). In 678 individuals from the MAX study, a subcohort of the Diet, Cancer and Health-Next Generations cohort, dietary data were collected using three 24-h diet recalls over 1 year. Estimates of flavonoid intake were compared using flavonoid food content from PE as (1) aglycones (chromatography with hydrolysis), (2) aglycones transformed (converted from glycosides by chromatography without hydrolysis), (3) as they are in nature (glycosides, aglycones, and esters), and 4) using flavonoid content from USDA as aglycones (converted). Spearman's intra-class correlation (ICC) coefficient and weighted kappa (K) coefficient were calculated for the reliability analysis. When comparing PE total aglycones to USDA total aglycones, there was a moderate reliability when a continuous variable was used [ICC: 0.73, 95% confidence interval (CI): 0.70–0.76] and an excellent reliability when flavonoid intake was modeled as a categorical variable (K: 0.89, 95% CI: 0.88–0.90). The degree of reliability among all methods of estimated flavonoid intakes was very similar, especially between database pairs, for the flavanol subclass, while larger differences were observed for flavone, flavonol, and isoflavone subclasses. Our findings indicate that caution should be taken when comparing the results of the associations between flavonoid intakes and health outcomes from studies, when flavonoid intakes were estimated using different methods, particularly for some subclasses.
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INTRODUCTION

Flavonoids are the largest class of polyphenols, some of which are ubiquitous throughout the plant kingdom, while others are specific to one plant species/genus (1). Flavonoids are mainly found in plant-derived foods and beverages such as fruit, vegetables, nuts, cocoa products, tea, and wine (2, 3). In accordance with their chemical structure, flavonoids are often divided into six subclasses, namely, anthocyanidins, flavonols, flavanones, flavones, isoflavones, and flavanols or flavan-3-ols, which include monomers, proanthocyanidins, and flavanol-derived compounds (theaflavins and thearubigins) (2), although there are other existing subclasses (i.e., chalcones, dihydrochalcones, and dihydroflavonols) (4). In nature, they are usually found as glycosides, i.e., conjugated to a sugar. However, some flavonoids such as flavanols are only present as aglycones (free form) (1).

The estimation of dietary flavonoid intake is complex and challenging and is principally affected by the dietary assessment method and the food composition database (FCDB) used. Flavonoid composition data are influenced by the food (variety, origin, ripeness, terroir, etc.), processing and cooking method, and the laboratory methodology used (1).To date, there are two major global FCDBs for flavonoids, namely, the United States Department of Agriculture (USDA) and Phenol-Explorer (PE; www.phenol-explorer.eu) databases (5). The content of flavonoids in the USDA database is expressed as aglycones and is split into three separate databases, namely, flavonoids (512 foods/beverages) (6), isoflavones (560 foods/beverages) (7), and proanthocyanidins (285 foods/beverages) (8). The USDA data are reported as aglycones; using chromatography with/without hydrolysis, the USDA researchers converted the glycoside values into their aglycone forms. The PE database (release 3.6) includes data on all classes of polyphenols, including flavonoids, and reports the flavonoid content of 326 foods/beverages, measured by chromatography with hydrolysis (expressed as aglycones) and without hydrolysis (expressed as glycosides, aglycones, and esters) (9), and also includes retention factors for processing and cooking (10, 11).

Findings from several studies indicate that flavonoids may reduce the risk of chronic diseases, such as cardiovascular diseases, type 2 diabetes, and several types of cancers (12–15). Although the evidence is increasing, it is still not conclusive, and further research is warranted. Epidemiological findings regarding nutrition and health outcomes may differ due to the interaction between the exposome and the characteristics of the study population, as well as the study design, variable selection, and dietary assessment methods (16, 17). In particular, discrepancies in the results may be due to the different methodologies used to estimate flavonoid intake. This may be regarding the flavonoid subclasses included, the flavonoid FCDB used and its completeness, and the procedure/protocol utilized for the calculations between flavonoid FCDB (i.e., matching) and dietary assessment method (i.e., decomposition of complex foods) (18–20). Few studies have compared both databases on the estimation of flavonoids. Despite different approaches to the comparison methodology and statistical analysis applied, there is a consensus on the differences found between the estimates of flavonoid intake and subclasses by the database (19, 21–23). Mainly, it has been found that the USDA estimates were greater than the PE estimates for flavanol and anthocyanin subclasses, but the opposite was observed for flavonol, flavanone, and flavone subclasses. Furthermore, one of these studies showed highly correlated intake estimations for total flavonoids, flavanols, and flavanones (21). Also, some studies have compared flavonoid glycosides to aglycones, which could drive misinterpretation, and have not compared the three different methods (aglycones, aglycones transformed, and all forms) for estimating flavonoid intake from the PE database. To the best of our knowledge, there are no prior studies of reliability tests between databases on flavonoid intake estimations. The reliability tests used could be more sensitive to changes in consistency/absolute agreement than other isolated statistical tests (24). Thus, the aim of this study was to evaluate the degree of reliability among four methods of estimating flavonoid intakes using the USDA and PE databases.



METHODS


Study Design and Subjects

This analysis is based on a validation subsample called the MAX study within the Diet, Cancer and Health-Next Generations (DCH-NG) cohort. The DCH-NG study, established in Denmark between August 2015 and April 2019, is an extension of the Diet, Cancer and Health (DCH) cohort (25). The DCH-NG cohort includes 39,554 participants with complete data collection and involves biological children (Generation 1), their spouses (Generation 1-Parent), and the grandchildren (Generation 2) of the participants in DCH (Generation 0) (26). From August 2017 until the end of January 2019, 720 participants of the MAX study, aged 18 or older, were enrolled, and both questionnaire data and biological samples were collected at baseline and at 6 and 12 months. All subjects completed two main questionnaires regarding lifestyle and dietary habits and participated in a health examination including the collection of biological samples and anthropometric and blood pressure measurements.



Dietary Data

Besides completing the dietary questionnaire, participants in the MAX study also completed a 24-h dietary recall (24-HDR) at each time point using the web-based tool myfood24 (www.myfood24.org/) from Leeds University (27), which has been linked primarily with the Danish National Food Database and now contains ~1,600 Danish food items, including a recipe maker. A total of 676 participants had 1,436 complete 24-HDRs, and the data were calculated with the total intake of days for each analytical method by each individual. The participants reported all food consumed the day before the examination at the study center in grams by total portion size (as specified/selected by each participant). The portion sizes were based on reports from the Danish Food Institute. In complementary, the complex food products were calculated as recipes taking into account the individual ingredients and their corresponding proportions as estimated from standardized recipes, for example, the FFQ recipes from DCH cohort were used to standardize 24-HDR homemade recipes (28). Some recipes were mainly obtained from McCance and Widdowsons Food Composition Table versions 6 and 7 (29). For industrial packaged meals, the flavonoid estimation was done according to the percentages of ingredients in the food products. Over 450 types of food ingredients from a total of 6,000 food ingredients were used to estimate flavonoid intake, as previously described elsewhere (30).



Assessment of Dietary Flavonoid Intakes

The USDA composition database contains flavonoid data in three separate databases: flavonoids (release 3.3), isoflavones (release 2.1), and proanthocyanidins (release 2.1). The flavonoid database includes five subclasses, namely, flavanols (monomers and flavanol-derived compounds), flavanones, flavones, flavonols, and anthocyanidins (6). Phenol Explorer includes the same flavonoid classes as USDA plus chalcones, dihydrochalcones, and dihydroflavonols (31). Four methods of dietary flavonoid intake estimation were developed for descriptive comparisons taking into account the database, analytical method, chemical structure, and subclasses in the following ways: (a) Phenol Explorer: (1) aglycone data provided with chromatography with/after hydrolysis or high-performance liquid chromatography for proanthocyanidins, (2) aglycones transformed from data provided from chromatographic analysis without hydrolysis where glycosides were determined and converted to aglycones using the molecular weight, and (3) total glycosides/all forms (expressed as they are in nature: glycosides, aglycones, and esters) provided with chromatography without hydrolysis; (b) USDA: (4) aglycones from total flavonoids (i.e., flavonoids, isoflavones, and proanthocyanidins). Additionally, a fifth method that considers only the flavonoid aglycone database (without isoflavones and proanthocyanidins) from the USDA was compared (Table 1). This method was excluded and presented in the supplementary information (Supplementary Table 1) because isoflavones and proanthocyanidins were missing. The USDA data were generated using chromatography with hydrolysis or chromatography without hydrolysis followed by the conversion of glycoside values into their aglycone forms using the molecular weight. Therefore, methods 2 and 4 are comparable, the only difference is the database used.


Table 1. Total flavonoids content by polyphenol databases and the methods of estimation used in MAX study.
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The overall procedure used to match the reported food items followed a stepwise protocol described by Knaze et al. (20). The first step was to convert the food items (food and recipes) from the 24-HDRs to ingredients. Second, we linked the ingredients from the 24-HDRs to the food items provided by the USDA and PE composition databases using an in-house software developed by the University of Barcelona, the Bellvitge Biomedical Research Institute (IDIBELL), and the Centro de Investigation Biomédica en Red (CIBER) (32). Third, the software calculated the intake of total, class, subclass, and individual flavonoids (mg/day) by multiplying the specific flavonoid content of the serving of each food item (expressed as mg/g food fresh weight) by the daily consumption of the selected food item (g/day).



Statistical Analysis

Dietary flavonoid intake was presented as mean, median, and percentiles: 20th, 40th, 60th, and 80th. The contribution of each flavonoid subclass was estimated as the percentage of total flavonoids. Four methods were used in the food sources, flavonoid subclasses, and reliability analysis. The contribution of each food group to the flavonoid intake was calculated from each food item as a percentage. The nonparametric Wilcoxon and Friedman tests were used for comparisons. The reliability of the four flavonoid assessment methods was evaluated using: (i) intraclass coefficients (ICC) in which flavonoid intakes were assigned as continuous variables (mg/d); and (ii) kappa squared-weighted coefficients in which flavonoid intakes were assigned as categorical variables (quintiles). Additionally, Spearman's rank correlation coefficients (Spearman's rho) were calculated. The ICC was determined with the model of two-way mixed effect based on a confidence interval of 95%, which calculated the agreement in the content of flavonoids in each method under comparison: ICC < 0.5, 0.5–0.75, >0.75–0.90, and >0.90 are indicative of poor, moderate, good, and excellent reliability, respectively (24). The kappa coefficient was calculated as a measure of the agreement between flavonoid quintiles of each method. Kappa values < 0.4 are considered poor; 0.4–0.6 moderate; > 0.6–0.8 good; and > 0.8–1 excellent (33). All analyses were conducted using the SPSS Statistics software (version 27.0; IBM SPSS).



Ethics

Danish Data Protection Agency and the regional ethical committees in Copenhagen and Aarhus (File (KF) 11–037/01) approved the Diet, Cancer and Health research project. The DCH-NG project was approved by the Danish Data Protection Agency (number 2013–41- 2043/2014–231-0094) and by the Committee on Health Research Ethics for the Capital Region of Denmark (number H-15001257). The study was conducted according to the guidelines in the Declaration of Helsinki.




RESULTS

The descriptive statistics are summarized by the method in Table 1. Median flavonoid intakes differed significantly across both databases and their applied methods. As expected, the estimation of total flavonoid intake was higher when using the method that quantified them as all forms as the chemical structure includes sugars. A slight difference between median PE total aglycones (275 mg/day), PE total aglycones transformed from glycoside data (261 mg/day) and USDA total aglycones (283 mg/day) was observed. Moreover, when comparing the estimated intakes of total aglycones from the PE and USDA databases, estimates were very similar until the 80th percentile where they were higher using USDA values (721 mg/day) than PE values (608 mg/day).

The top dietary sources of flavonoids in the Danish population at investigation are presented by the method in Table 2. Cocoa products, fruit, and tea were the main contributors of flavonoids for all methods. The most commonly consumed cocoa products were chocolate, cocoa drinks, sauces, and cereal bars; and total aglycones coming from cocoa products were higher when estimated using PE (31.2 vs. 26.4% from USDA). For tea consumption, black and green tea infusions were the most frequently consumed, and total aglycones coming from tea were higher when estimated using the USDA databases (27.0 vs. 17.9% from PE). Estimates of total aglycones from fruit, whose main source of flavonoids was apples, were similar across all methods. The estimated percentage contribution from nuts and seeds, wine, and cereals and baked products was 1.7, 1.2, and 2.0 times higher, respectively, when estimated using PE compared to USDA. Conversely, the estimated contribution of vegetables to total aglycones was 1.2 times higher when estimated from USDA compared to PE. These differences in food sources are mainly due to the composition data on polyphenols (mg/100 g) applying the different methods, such as for cocoa products (Supplementary Table 2).


Table 2. Top food sources by databases and methods used in MAX study.
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The contribution of flavonoid subclasses by the method is expressed as median (p25-p75) in Table 3 and as percentages in Figure 1. Intakes of anthocyanins and isoflavones (aglycones) were higher when estimated from USDA than from PE, whereas the opposite was observed for flavones (Table 3). Estimated intakes of flavanols, flavanones, and flavonols were similar across both databases. When comparing the two PE aglycone methods, the estimated intakes of all subclasses were very similar, except for the flavanones, which were lower when using the transformed data (Table 3). Although flavonoid glycoside intakes are higher as net values for all subclasses when compared to both PE aglycone methods (Table 3), this is not reflected in the percentages of the total distribution (Figure 1).


[image: Figure 1]
FIGURE 1. Total percentage distribution of flavonoid subclasses by databases and methods. The Phenol Explorer cake charts include chalcones, dihydrochalcones, and dihydroflavonols. Flavanols from USDA include the proanthocyanidin subclass.



Table 3. Total median of flavonoid subclasses by databases and methods.
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The degree of reliability and the correlation between flavonoid intake estimation methods are presented in Table 4. When comparing the two PE aglycone methods (total aglycones vs. total aglycones transformed), all reliability measures were excellent. When comparing PE and USDA aglycone methods, reliability was moderate for continuous flavonoid estimate variables (ICC: 0.73, 95% CI: 0.70–0.76) and excellent for categorical (quintile) flavonoid estimates (K: 0.89, 95% CI: 0.88-0.90). The Spearman's rank coefficient that examined the correlation was high for all comparisons (r > 0.9; Table 4).


Table 4. Degree of reliability and correlation in continuous and quintiles flavonoid intake estimations by databases and methods used.
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The degree of reliability and the correlation between methods for estimating flavonoid subclasses (i.e., flavanols, anthocyanins, flavanones, flavones, flavonols, and isoflavones) are presented in Supplementary Tables 3–8. When comparing the estimated intakes between the PE and USDA aglycone methods, the reliability was only excellent for categorical flavanol intakes and for both continuous and categorical flavanone intakes. For all subclasses, except flavanones and isoflavones, reliability estimates were better when intakes were modeled as a categorical variable. Importantly, the reliability between databases was poor for flavones (both continuous and categorical), flavonols (continuous), and isoflavones (categorical).



DISCUSSION

The main differences between the PE and USDA databases, such as the chemical structures, analytical methods, and the number of foods and phenolic compounds studied (6, 10, 34), are well known. However, these are not always taken into account when comparisons are made between studies using different methodologies. We report mostly high concordances among the 4 flavonoid intake estimation methods, especially when considering flavonoid intake as a categorical variable. The main comparison between total aglycones from PE and USDA was moderate reliability when the variable was continuous, which improved to excellent as a categorical variable by quintiles. This degree of reliability was similar for flavanols and flavanones, but lower for anthocyanins and flavanols and poorer for flavones and isoflavones. In this study, there was a relevant difference between databases on flavonoid intake at the 80th percentile. When comparing the PE methods, the differences were consistent at all percentiles.

Comparing flavonoid intake in studies is complex, not only due to the inherent limitations of dietary assessment but also because of the type of dietary questionnaire, the FCDB used (including the version), and how the results are presented (i.e., mean or median). For example, several studies have reported that flavonoid intake is generally higher when the USDA databases, rather than the PE database, are used (12). A recent systematic review indicated that the majority of reported polyphenol estimates have been from FFQs, where the studies were designed for other purposes and where FFQs were mostly not validated for the polyphenol intake (5).

In the last decade, the number of polyphenol and flavonoid studies has increased, especially those using PE and USDA databases alone, in combination, or together with other databases (5). A few studies have estimated an average intake of flavonoids using both databases. For example, a Polish study found an average intake of 524.6 mg/day according to USDA and 403.5 mg/day according to PE (19), while an Australian study reported 834 mg/day using USDA and 487 mg/day using PE as the average intake of flavonoids (21), with the discrepancy between databases mainly attributed to the flavonoid estimation methods, the high tea consumption in this cohort, and the thearubigins inclusion. This is consistent with our findings that flavonoid intakes tend to be higher when estimated using USDA. However, two studies showed a different direction for total flavonoid intake estimation, likely because they considered flavonoids in their glycosylated form (22, 23). A Brazilian study presented a total flavonoid estimation of 86.6 mg/meal and 106 mg/meal in Food Service, using USDA and PE, respectively (22). Most recently, a US study of two large observational cohort studies showed that the total flavonoid mean intakes of men and women were higher in PE than in USDA (23). The discrepancies are mainly due to the food composition database (plus the version used) and whether the methodology included all kinds of phenolic compounds.

Only one study explored the association between flavonoid intake and risk of all-cause mortality using both databases, and similar results for total flavonoid consumption of 696 mg/d (median: 668) and 674 mg/d (median: 648) were presented (35). Although they used different databases (USDA vs. PE) and methods (glycosides vs aglycones) for the flavonoid estimation, they did not find differences in the final results. Various factors can influence the relation between health outcomes/all-cause mortality and flavonoid intakes such as population characteristics, flavonoid intake levels, and the design of the study, among others. Furthermore, in some epidemiological studies, the total intake of flavonoids and specific subclasses (i.e., flavone, isoflavone, and anthocyanin) have not been significantly associated with chronic diseases (12, 35). Some meta-analyses that associated dietary total flavonoid intake/subclasses of flavonoids and risk of mortality from all causes and cardiovascular disease did not consider differences in databases or methods used (36–39). Combining intakes estimated using glycosides and aglycones is not recommended, irrespective of the degree of reliability, since glycosides and aglycones may be differently associated with health outcomes than aglycones (40, 41). However, if the combination is necessary for the type of study, the recommendation is to use a similar analytical method (i.e., only aglycones). Thus, conclusions from studies using different assessment methods must be carefully interpreted.

To the best of our knowledge, only one study (21) has evaluated the correlation between intakes estimated using different databases and found a Pearson correlation coefficient of 0.94, which is very similar to Spearman's rank correlation coefficient of 0.92 in this study. The reliability of total flavonoid intake estimation is excellent among all the methods as a categorical variable (K: 0.87 to 0.98); however, it is moderated when it is continuous for both databases (ICC: 0.73–0.76). It is very important to mention the accuracy and the selection of databases, methods, and statistical tests because only using flavonoids database from USDA compared with total aglycones from PE database obtained a Spearman coefficient of 0.89 but a 0.43 ICC of agreement (Supplementary Table 1).

Overall, strong correlations were observed between methods for individual flavonoid subclasses, particularly for flavanols (0.92–0.99) and flavanones (0.80–0.99). These data are consistent with those reported by Ivey et al. where they showed a correlation of 0.89 for flavanol aglycones and 0.99 for flavanone aglycones between databases (21). Currently, limited data exist about the reliability and concordance of flavonoid subclasses. This is important as a high correlation does not mean that concordance is also high, as can be seen in the ICC of the flavanol subclass (Supplementary Table 3) comparing PE with USDA. Anthocyanidins reflect an essential case where the reliability between databases was only moderate; this could explain or contribute to different results in studies on chronic diseases (12, 38, 42). For isoflavones, heterogeneity of the results was observed for each comparison method, but intakes in this cohort were very low.

According to the subclass contributions presented in our study, it is necessary to emphasize that the discrepancies between the aglycone methods are extensive between anthocyanins, flavanols, flavones, and isoflavones, being more notable in these last two subclasses, both quantitatively and proportionally. In fact, other studies that use the PE and USDA databases showed similar trends according to flavonoid subclasses and food contribution data (21, 22). Our findings that USDA estimates were larger than the PE estimates for flavanols and anthocyanidins, while the PE estimates were greater than the USDA estimates for the flavonols and flavones are in agreement with the previously cited articles. Thus, the scientific references and the biocompounds that are included in the databases could influence these differences. For example, the low contribution of flavones from USDA could be related to the fact that they consider only two compounds, namely, apigenin and luteolin, whereas PE includes up to 15 (7). This could be explained by the chemical structure (C-glycoside) which is hard to hydrolyze, and therefore, the data in the USDA database are expected to be lower. Furthermore, the newly released updates could reduce the difference between the bases (6, 43). For example, the researchers found that anthocyanidins with USDA are about eight times greater than PE anthocyanidins; however, in our data set, this was reduced to 1.4 times (21).


Food Sources

The sources of tea and cocoa products establish the most important differences between contributions of flavonoid intake by the database. The conflict between databases in estimating flavonoid intake from tea in this study is explained by the fact that USDA includes two scientific sources on thearubigins (6). Even though thearubigins could have a high impact on total flavonoid estimations, no proper analytical methods are available to quantify them (44). So, in the meantime, the current suggestion would be to not include thearubigins.

The differences observed between the databases were not related to the proportion of total flavonoid intakes or to the chemical structures. Cocoa products were higher in the contribution by 4.8% in aglycones PE than USDA on flavonoids; however, conflicts were observed in specific food sources. When analyzing dark chocolate, it can be seen that most of the proanthocyanidins contribute more in PE than USDA, reaching up to 55% of total proanthocyanidins. Also, PE considers flavonol compounds such as quercetin (21). Conversely, cocoa powder from USDA shows a higher contribution in proanthocyanidins, especially from polymers (> 10), up to 42.4% but decreasing to 24.3% when total proanthocyanidins are incorporated. The main explanation could be related to the scientific sources of both polyphenol databases (8, 9). Lastly, despite the differences observed and the proportions, the net estimation of cocoa products was 3.3% higher in aglycones USDA than PE.

As expected, the food sources related to the PE glycosides database reached a higher content of flavonoids than PE aglycones due to their chemical structure as glycosylated or esterified biocompounds include a higher molecular weight. This is independent of some lower proportions presented in Table 2. However, similar but lower contributions in fruits, nuts, and seeds were observed and explained by total proanthocyanidins. Mostly, it is possible to highlight a major contribution in vegetables, spices, and herbs by USDA and in cereals, nuts, and seeds by PE. Similar results about food contributions were found in the Polish study (19).



Challenges and Recommendations

After comparing studies on flavonoids, we recommended using similar databases and methods for intake assessment applied; however, caution must be taken with the interpretation, specifically in some subclasses (i.e., flavonols, flavones, and isoflavones), as moderate to lower concordance was found. The selection of a database, method, and proper methodology will depend on the aim of the study, the population of interest, and their food consumption. The combining of databases/sources in an international system could be an interesting challenge to cover insufficient data for food items and missing values, among others. Indeed, international food databases need to move forward in updating foods and covering more flavonoid-rich foods from different regions (1, 22). Standardization of the procedures for the quantification of polyphenols is the key to a better validation and comparison of data. It is worth noting that the recommendations in this article are particularly focused on how flavonoid assessment methods are conducted/reported and on the approach described in the study. Furthermore, consideration should be given to the limitations and advancements in the field of flavonoids and their relationships with human health.

This study has two main strengths. The first is the statistical tests selected that were used for the reliability and correlation of the flavonoid data between methods. The second is the use of the most updated FCDB and several approaches regarding analytical methods and their chemical structure that have been used in the literature. However, this study has weaknesses related to the limitations of FCDBs in terms of incomplete data related to foods or polyphenols (analytical method or specific compounds) and also this study focuses only on flavonoids, avoiding the phenolic acid class, which are important contributors of total dietary polyphenol intakes (45). Moreover, it is important to bear in mind the potential measurement error of the self-reported 24-HDR, which usually underestimates the real intake of all foods, including those rich in polyphenols. However, this point will not excessively affect our comparisons between methods since we are using the same dietary questionnaire. Although we have compared four methods to estimate flavonoids, none of them could be considered as the gold standard, so it was not possible to point out which one was the most reliable.




CONCLUSION

All comparison methods of estimated flavonoid intakes were similar, providing an excellent reliability between PE database pairs. When comparing PE and USDA total aglycones, there was a moderate reliability when a continuous variable was used, while the reliability was excellent when flavonoid intake was modeled as a categorical variable. The same trend was observed for flavanol, flavanone, and anthocyanidin subclasses with a high reliability, and a poor reliability for flavone, flavonol, and isoflavone subclasses. This difference is largely explained by the databases.

Researchers must be aware of the limitations of the databases and methods selected for flavonoids estimations and the consistency with the aim/design of the study. It is worth mentioning that the recommendation would be to use categorical variables if possible among the studied databases as better concordance can be obtained. It seems that this is more complex for some subclasses of flavonoids, and it requires analysis of the evidence of each class according to the method and statistical testing. Further research needs to examine more closely the reliability of flavonoids and their subclasses between methods or approaches.
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