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Introduction: Dietary fiber is a key component of a healthy diet, associated with a reduced risk of cardiovascular disease, obesity, type 2 diabetes, certain cancers, chronic inflammation, or depression. The aim of the study was to perform an in-depth analysis of dietary fiber intake in the Polish population, taking account of the consumption of groups of products that are fiber sources and identify any age-related differences in the dietary fiber intake of the subjects.

Methods: We analyzed data obtained from two representative cross-sectional studies on the diet and nutritional status of adult Polish residents including the total of 4,000 individuals aged 19 years and more. Two 24-h recalls were used per individual to assess the diet using the computer-assisted personal interview (CAPI) technique. Total fiber content and fiber contained in cereal products, vegetables, fruits, legumes, nuts and seeds were calculated. Fiber intake was compared to the recommendations: 25 g/d for adults up to 65 years of age and 20 g/d for those aged 66 years and older. All statistical analyses, including the Pearson’s chi-squared test, the Student’s t-test, and the Analysis of Variance (ANOVA), were conducted using STATISTICA™ version 13.3, with the results being adjusted for demographic distribution biases to enhance the representativeness.

Results: The average daily fiber intake was 17.83 ± 0.14 g/day (78% of the recommended intake), with 20.5% of respondents meeting the requirement. More men than women (27.05% vs. 14.3%;) met the requirement and men were characterized by a higher average intake (19.34 ± 0.20 g/day) than women (16.43 ± 0.19 g/day). The main fiber sources were cereals (44.1%), vegetables (23.6%), and fruits (16.0%). As regards men, the sources included refined bread (25.8%), vegetables (23.1%), and fruits (10.2%) and for women, they were vegetables (24.0%), fruits (17.2%), and refined bread (16.3%). Although refined bread is not recommended as a primary fiber source due to its lower fiber content compared to whole grain bread, its high consumption significantly contributed to the total fiber intake.

Conclusion: The prevalence of widespread dietary fiber deficiency calls for the intensification of educational efforts that address the health advantages and sources of dietary fiber, as well as methods for its inclusion in daily meals.
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1 Introduction

Dietary fiber is considered to be a key component of a healthy diet. Ample evidence supported its important role as a contributor to overall metabolic health by influencing glucose and lipid regulation and insulin sensitivity. A higher fiber intake was associated with a reduced risk of cardiovascular disease (1), obesity, type 2 diabetes (2), and certain cancers (3). The health benefits of fiber intake also include the proper functioning of the digestive system and the support of healthy intestinal microbiome, which is a mediator of appetite regulation, chronic inflammation and a lower risk of depression (3). According to research, a potential link was suggested between low fiber intake and polycystic ovary syndrome (PCOS) and irritable bowel syndrome (IBS). Also, increasing fiber intake was recommended as beneficial due to its role in improving gut health and hormonal balance (4, 5).

The term “dietary fiber” encompasses a variety of chemicals characterized by different properties and different effects on the body. The European Food Safety Authority (EFSA) listed non-starch polysaccharides, cellulose, pectins, hydrocolloids, fructooligosaccharides and “resistant starch” (6). Dietary fiber may also be classified based on its solubility in water. The main sources of soluble fiber include fruits and vegetables, while cereals and whole grain food are sources of insoluble fiber, with the majority of naturally available fiber-rich foods containing variable amounts of both soluble and insoluble fiber (7).

Numerous countries and international organizations have established recommendations for fiber content in the diet, typically at 20–38 g/day for adults. The European Food Safety Authority and the World Health Organization recommended 25 g as the sufficient fiber consumption in adults (8, 9). Health guidelines in the USA recommended the fiber intake of 14 g/1000 kcal (25 g/day for women and 38 g/day for men) (10). In Germany, adults are recommended to consume over 30 g/day of fiber (11). According to the Polish guidelines, the diet of adults should provide 25 g/day, and seniors from 66 years of age – 20 g/day (12). Fiber intake exceeding the values may be beneficial for health.

Given the wide availability of fiber in plant products, meeting the established recommendations should not be difficult, especially since the numerical recommendations are supported by product nutritional recommendations most often presented in the form of a plate or pyramid and supplemented with simple messages (13).

According to numerous recommendations (8, 14–17) presenting the correct structure of the whole-day diet, dietary fiber occurs in all its categories. Vegetables and cereal products should constitute the largest part of the diet. Legumes are recommended as products providing protein, and nuts and seeds as sources of healthy fat. These products are also a source of fiber. The consumption of vegetables and whole grains several times every day and fruit once a day should ensure the adequate supply of fiber in the diet. Meeting this requirement could contribute to reducing the risk of developing numerous diet-related diseases, including obesity, cardiovascular diseases, and colon cancer. It might also improve the quality of life of many people struggling with gastrointestinal problems (18, 19).

Although these facts have been known for years, fiber intake is usually insufficient. In the United States, the supply of fiber in the diet of adults is about 16 g/day (20). A comprehensive review of dietary fiber intake in European countries showed slight differences in dietary fiber intake between countries. Fiber intake was 18–24 g/day in men and 16–20 g/day in women, and was similar between age groups. Cereal products (including bread) constituted the largest source of dietary fiber (21). According to data from the 2013–2014 WOBASZ II study (Multicenter Population Health Research) conducted in Poland, the average intake of dietary fiber was 17.5 g/day in women and 20.9 g/day in men (22).

Although previous studies on dietary fiber intake in Poland provided valuable information, they were mainly based on single 24-h recalls or household budget surveys and older nutrient databases. Furthermore, to the knowledge of the authors, any other representative study conducted among Polish residents involved no detailed analysis of the sources of dietary fiber and the differences in their consumption depending on sex and age.

Therefore, having the latest results of dietary studies representative for the Polish adult population at our disposal, and bearing in mind the importance of fiber for the health, we decided to analyze its consumption depending on the sex and age of the respondents in the context of national dietary recommendations. Our aim was to perform an in-depth analysis of dietary fiber intake in the Polish population, taking account of the consumption of product groups that are fiber sources as well as attempts to profile the relationship between dietary choices and fiber intake in relation to the age of the subjects.

Therefore, using the most recent dietary study data representative of the adult Polish population, incorporating repeated 24-h dietary recalls, and the latest nutrient database, we aimed to analyze fiber intake by sex and age against national dietary recommendations. Our objective was to provide an in-depth analysis of dietary fiber intake in the Polish population, considering product groups as fiber sources and profiling the relationship between dietary choices and fiber intake by age.



2 Materials and methods


2.1 Design

We analyzed data obtained from two representative cross-sectional studies on the diet and nutritional status of 4,000 adult Polish residents. They were conducted between 2017 and 2020. The study, approved by the Institutional Ethical Review Board at the Medical University of Warsaw (Approval Nos. AKBE/163/17 and AKBE/164/17), adhered to the General Data Protection Act (23) and the Declaration of Helsinki (24).

Respondent selection followed the EFSA guidelines (25) and involved probability sampling from a household address database. To enhance the representativeness and reduce costs, stratified and cluster sampling were used. Initially, 500 statistical areas (clusters) were randomly selected from 34,633 units, with selection probability proportional to the number of residents. Residential buildings within each cluster were then chosen using the TERYT-NOBC register and other sources. Eight buildings per cluster (four for each group) were selected, with reserves in case of refusals. One respondent per building was chosen.

Researchers employed the Computer-Assisted Personal Interview (CAPI) technique for 90% of the interviews, switching to the Computer-Assisted Telephone Interview (CATI) technique for 10% during the COVID-19 pandemic. The detailed methodology of those studies was presented in a separate publication (26).

A fundamental component of the analytical process entailed the utilization of weights that reflected the real distribution of attributes including the sex, age, place of residence, and educational level within the Polish population. Those weighting factors were adjusted in accordance with the information derived from the most recent National Population and Housing Census 2021, carried out by the Statistics Poland (27), to guarantee the representativeness of the sample.



2.2 Data collection and instruments

A 24-h dietary recall was used for the dietary assessment. The dietary interview was conducted twice by well-trained, experienced interviewers, with an interval of at least 5 days. The interviewers were extensively trained in several areas: understanding portion sizes of packaged products, their availability on the market, preparation methods, recipes and household measures. They were also trained in how to keep the respondents engaged and ensure effective collaboration to obtain accurate dietary data. To account for the variability of eating habits during the week, the study was conducted on different non-consecutive days, including weekdays and weekends. Data were collected evenly across all seasons to consider the seasonality of consumption. Data were continuously checked and validated by the research team nutritionists.

The 24-h dietary recall interviews were conducted through structured stages and questions:

• Recall of all consumed products and dishes: “Can you list everything you ate and drank yesterday from the moment you woke up until you went to bed? Were there any snacks or drinks between your main meals?”

• Description of the type and composition of consumed products, dishes, and beverages: “Can you describe each food and beverage? What ingredients were used? How was the food prepared (e.g., boiled, fried, baked)?”

• Assessment of portion sizes: “Can you estimate the amount of each food or drink you consumed using household measures?”

• Use of specific household items: “Did you use any specific household items like cups, spoons, or plates? Can you describe their size?”

• Logical and nutritional verification of the obtained information: “Is there anything else you remember eating or drinking? Are there any additional details you might have missed?”

Portion sizes were estimated using a photo album of products and dishes.

Interviews were conducted using the CAPI method with the Dieta 5.0 software recommended for scientific studies in Poland, developed by the Institute of Food and Nutrition in Warsaw (28). The software uses Polish data on the nutritional value of products and foods and national nutritional standards. The portion sizes of food and dishes were quantified using household measures (e.g., glasses, cups, spoons), food portions (based on information from food manufacturers), and an album of portion sizes of products and dishes (29). Information on physical activity, smoking, alcohol consumption and socio-demographic data was also collected.

Using the Dieta 5.0 software, the energy value of the studied diets and the daily supply of total carbohydrates and dietary fiber were calculated. Total fiber intake was compared to the reference range of sufficient intake for the Polish population, i.e., 25 g/d for adults up to 65 years of age and 20 g/d for people 66 years of age and older. The age grouping in our study was done according to the guidelines of the Polish Nutritional Standards (12).

The structure of dietary fiber intake was determined by calculating the intake of groups of products being its source. The following groups of recommended sources listed in the current Polish recommendations for healthy nutrition were included (17): cereal products, vegetables, fruits, legume seeds, nuts and seeds. Subsequently, the amount of fiber contained in those product groups was calculated. The share of each product group in the total fiber intake was calculated by dividing the fiber intake of each product group by the total fiber intake and then multiplying by 100. The analysis comprised fiber intake from individual product groups, both products suitable for direct consumption as well as products included in dishes, and composite products. When calculating the amount of consumption of products in order to combine them into appropriate groups, assumptions were made in accordance with the assumptions of the Dieta 5.0 software (28). Details of the product groups analyzed and the conversion coefficients used are shown in Table 1.



TABLE 1 Product groups and conversion coefficients used in the analysis.
[image: Table1]

The Dieta 5.0 software combines some cereal products into broad categories (e.g., the rice category includes white and brown rice, the pasta category includes refined and whole grain pasta, the groats category includes all types of groats), making it impossible to accurately calculate the intake of whole grain and refined cereals. Therefore, we calculated the total intake of cereal products in the analysis. A full distinction between whole grain and refined products was only possible for bread.

Dietary supplements are not included in the total fiber intake.

When characterizing dietary fiber intake, carbohydrate to fiber ratio was used, assuming the optimal ratio of ≤10: 1 (30).



2.3 Statistical analysis

All statistical calculations were conducted within the framework of weighted analysis, ensuring the findings were representative of a broader population structure. This adjustment accounts for potential biases related to demographic distribution and enhances the generalizability of the results. As regards the statistical evaluation of the study, inferential analyses were conducted under the framework of null hypothesis testing. The initial examination of the population’s demographic attributes, comprising the age, residential area, educational attainment, financial situation, and lifestyle factors like physical activity and tobacco use, employed the Pearson’s chi-squared test to discern sex-based distinctions. Central to the analysis was the assessment of dietary intake with a specific focus on average calorie consumption, the distribution of energy across various macronutrients, and fiber intake levels. Descriptive statistical measures, including the means and the standard errors of the mean (SEM), were used to depict the central tendency and dispersion of the data. The comparative analysis of dietary patterns between sexes was performed using the Student’s t-test, facilitating the identification of significant dietary differences. Further categorical data exploration, particularly the proportion of individuals adhering to recommended dietary fiber intake, was accomplished through the chi-squared test for independence. A detailed examination of fiber consumption patterns was conducted using the Analysis of Variance (ANOVA). Such an approach allowed for the comparison of average fiber intake across different food groups and age groups within each sex, encompassing a variety of food sources such as cereals, vegetables, fruits, legumes, and nuts and seeds. The entirety of statistical analyses was executed using STATISTICA™ version 13.3 (TIBCO® Software Inc., Palo Alto, California, United States), with a predetermined alpha level of 0.05 for the rejection of the null hypothesis across all statistical tests.




3 Results

The characteristics of the studied population by sex are presented in Table 2. The respondents, depending on the sex, differed significantly in terms of sociodemographic characteristics (the place of residence, level of education, current financial situation), and lifestyle elements (physical activity, past and current smoking, current alcohol consumption).



TABLE 2 Characteristics of the study population by sex.
[image: Table2]

The average energy value of men’s diets was significantly higher than in women (2547.42 ± 24.21 kcal vs. 1834.86 ± 19.87 kcal; p < 0.001). The average daily supply of dietary fiber was 17.83 ± 0.14 g/d in the study population, which constituted 78% of the demand for this ingredient. One-fifth of the respondents (20.53%) met the requirement for fiber, including significantly more men than women (27.05% vs. 14.3%, p < 0.001) (see Supplementary Table S1).

The diet of men was characterized by significantly higher fiber content than the diet of women (19.34 ± 0.20 g/d vs. 16.43 ± 0.19 g/d; p < 0.001). However, when standardizing the supply of fiber per 1,000 kcal of the diet, the diet of women turned out to contain significantly more fiber than the diet of men (9.31 ± 0.10 g/1000 kcal vs. 7.87 ± 0.08 g/1000 kcal; p < 0.001). The ratio of carbohydrates to dietary fiber was also significantly lower in the diet of women than in the diet of men (15.82: 1 ± 0.16 vs. 17.09: 1 ± 0.15; p < 0.001) (Table 3).



TABLE 3 Characteristics of the energy value of the diet and the average intake of dietary fiber and product groups that are fiber sources in the general population and by sex.
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The analysis of the intake of product groups being sources of dietary fiber showed a significantly higher intake of total cereal products, refined bread and vegetables in the group of men compared to the group of women (220.82 ± 2.55 g vs. 161.15 ± 2.28 g, 160.74 ± 2.88 g vs. 84.85 ± 2.03 g, 267.66 ± 5.09 g vs. 234.20 ± 4.57 g, p < 0.001). Conversely, women consumed significantly more whole grain bread and fruit compared to men (25.91 ± 1.38 g vs. 16.17 ± 1.36 g, 198.30 ± 4.90 g vs. 145.64 ± 4.78 g, respectively; p < 0.001) (Table 3).

The most fiber was obtained from total cereal products (44.1%) and vegetables (23.6%). Refined bread provided significantly more fiber in the diets of men than women (25.8% vs. 16.3%, p < 0.001). Conversely, fruit provided more fiber in the diets of women than men (17.2% vs. 10.2%, p < 0.001) (Figure 1).

[image: Figure 1]

FIGURE 1
 Average daily fiber intake by source among women and men: weighted means with standard deviation and measurement range.


A detailed analysis of dietary fiber supply in the diets of men depending on age showed several statistically significant differences. The diets of the youngest (19–30 years) and the oldest (>75 years) men were characterized by the highest average supply of fiber. Conversely, men aged 66–75 consumed significantly more fiber per 1,000 kcal of the diet than other age groups. The only group of men who fully met their fiber requirements were those aged >75 years. The youngest group of men was characterized by a significantly higher carbohydrate to fiber ratio compared to other age groups. As regards the amount of fiber consumed from specific product groups, significantly more fiber was obtained from total cereal products, nuts and seeds in men aged 19–30 compared to men from other age groups. The supply of dietary fiber from other product groups did not differ significantly depending on the age of the surveyed men (Table 4).



TABLE 4 The energy value of the diet, the percentage of energy from macronutrients and the intake of total dietary fiber and fiber from product groups that are its sources (men).
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No statistically significant differences were shown as regards the supply of total dietary fiber with the diets of women depending on age. However, after converting the amount of fiber consumed per 1,000 kcal of the diet, its consumption appeared to be significantly higher in women aged 51–65 years. In addition, this age group of women was characterized by the lowest ratio of carbohydrates to fiber. The analysis of meeting the requirements concerning dietary fiber consumption showed that the reference value of sufficient intake was met to the highest extent by women aged 66–75. An in-depth analysis of dietary fiber intake from different product groups depending on age revealed significant differences only in case of total cereal products and refined bread. Women aged 51–65 consumed significantly more fiber with total cereal products, and women aged >75 years with refined bread (Table 5).



TABLE 5 The energy value of the diet, the percentage of energy from macronutrients and the intake of total dietary fiber and fiber from product groups that are its sources (women).
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4 Discussion

The research revealed an insufficient intake of fiber in the majority of Polish adults. The average fiber supply was only 17.83 g/d. The diet of men (M) was characterized by significantly higher fiber content than the diet of women (W) (M: 19.34 g/d vs. W: 16.43 g/d), which may be explained by the higher average energy value of the men’s diet. The analysis of fiber supply depending on the age of the respondents showed that the diets of the youngest (19–30 years) and oldest (>75 years) men contained the most fiber. The diets of women aged 51–65 were characterized by the highest fiber density. Only every fifth (20.03%) respondent met the requirement for fiber at the level of the sufficient reference intake. The only group of men who fully met their fiber requirements were those aged >75 years. The obtained results are difficult to compare directly to the reports of other researchers. It is mainly due to differences in the methodology of collecting data on diet and a less detailed method of data analysis. Nevertheless, our results stay in line with the results of studies conducted in European countries (21) and the United States (31), which indicates that the problem of low fiber in the diet affects numerous populations and is associated with common/global changes in lifestyle, including the diet (32, 33). Comparing the results of our study to the results of previous Polish epidemiological studies in which fiber supply was calculated on the basis of daily intake, insufficient fiber intake was observed in the general population and was lower by 1.54 g/d in men. Moreover, the percentage of men meeting the fiber requirements was lower by 1.75% (22). It should be emphasized that the discussed studies did not invoke the reference values of sufficient fiber supply which determine the amount of the ingredient covering the needs of healthy and properly nourished people (12). These reference values primarily take account of the role of fiber in the proper functioning of the gastrointestinal tract. However, researchers agreed that fiber intake that was higher than sufficient strongly corresponded to a reduction in the risk of certain chronic diseases, including cardiovascular diseases, stroke, type 2 diabetes, colorectal cancer and diverticular disease. Moreover, the risk of death due to any cause was 15–16% lower in individuals who consumed large amounts of fiber compared to those who consumed lower amounts. It was confirmed that the intake of 14 g of fiber per 1,000 kcal of food protected against cardiovascular disease (34). Analyses indicated that a daily fiber intake of 25–29 g was adequate, but an intake of over 30 g per day would be even more beneficial (35). Reynolds et al. noted that a fiber intake of over 35 g per day appeared to be more effective than a lower intake in reducing the risk of cardiovascular disease, type 2 diabetes, and colorectal and breast cancer (36). In addition, the results of some studies indicated that the supply of about 50 g of fiber per day was correlated with a very low risk of colon cancer (37). Therefore, an increase in dietary fiber supply might be an important preventive factor since chronic non-communicable diseases constitute the main causes of death and lost years of healthy life in the Polish population (38).

In this paper, the supply of dietary fiber was also characterized by presenting the ratio of the total carbohydrate content to the fiber content in the diet. The ratio is a good measure of the quality of the diet (39, 40). According to the American Heart Association, this ratio should ideally be ≤10:1, which would provide 30 g of fiber in case of a 2000 kcal diet (41). It was demonstrated that a low ratio of carbohydrates to dietary fiber was associated with lower fat mass (42). The obtained results indicated that the Polish diet deviated far from those recommendations. In the general population, the ratio was 16.43:1. It was significantly higher in men than in women (M: 17.09:1 vs. W: 15.82:1), and the highest value was obtained in the group of the youngest men (18.66:1). To compare, a study conducted in Australia to analyze the ratio of carbohydrates to fiber in individual products revealed that the optimal ratio of 10:1 was achieved by half of the products consumed by adults (43).

The choice of products, cereal ones in particular, is of great importance in achieving the optimal amount of fiber and the ratio of carbohydrates to fiber in the diet. Our study showed that 220 g/d and 161 g/d of cereal products were consumed by men and women, respectively. It means a decrease compared to the consumption recorded in the WOBASZ study conducted in 2003–2005 (by 80 g/d and 119 g/d, respectively) (44). The decreased consumption of cereal products in Poland in the years 2010–2018 by more than 30% was also demonstrated in the Report of the National Institute of Public Health – National Institute of Hygiene (NIPH NIH), based on the results of household budget surveys conducted by the Statistics Poland (45).

Despite the observed reduction in the consumption of cereal products in Poland, they still remain the main source of fiber, providing 44.1% of the amount consumed. Similar amounts of fiber (48–49%) from cereal products are provided with diets in Ireland, the Netherlands and Sweden, and slightly lower (32–33%) in the USA and Spain (21). Evidence obtained from observational studies indicated that a higher intake of fiber from cereal sources (mainly whole grains) provided a greater degree of protection against the development of type 2 diabetes, which was probably due to its interaction with the intestinal microbiota or insulin-sensitizing components found in whole grains (35). Regrettably, our study showed that only 7.5% of the total amount of fiber was obtained from whole grain bread. Women consumed significantly more whole grain bread compared to men (W: 25.91 ± 1.38 g/d vs. M: 16.17 ± 1.36 g/d, p < 0.001), and that source provided them with over 1.5 times more fiber. In the studied population, the highest share of whole grain bread fiber in daily consumption was noted in the group of women aged 51–65 (12.4%).

The obtained results indicate that whole grain bread, which is a rich source of fiber, was consumed in small quantities, which largely contributed to the low level of fiber intake in the diet. The preference for refined bread leads to a situation in which this type of bread becomes the main source of fiber in the diet. If refined bread was replaced by whole grain one, the total supply of fiber could increase significantly. The average consumption of refined bread in the general population was about 120 g per day and provided 3.5 g of fiber. If refined bread was replaced by whole grain bread containing about 7 g of fiber per 100 g of product, the daily fiber intake could increase by about 5 g per day, which would significantly bring its total intake closer to the recommended values.

Vegetables and fruits followed cereal products in the Polish diet. They provided 23.6 and 13.8% of total fiber, respectively. This stays in line with the results of Stephen et al., who indicated that vegetables provided 12–21%, and fruits provided 8–23% of fiber intake in the diets of Europeans (21). The present study showed that the average total intake of fruit and vegetables in the whole group was 423.28 g/d and was close to the desired value, i.e., at least 400 g according to the WHO (46). A significantly higher intake of vegetables was noted in the group of men compared to the group of women (M: 267.66 ± 5.09 g/d vs. W: 234.20 ± 4.57 g/d; p < 0.001). Women consumed significantly more fruits compared to men (W: 198.30 ± 4.90 g/d vs. M: 145.64 ± 4.78 g/d, p < 0.001). The obtained results are comparable to the results of the 2003–2005 WOBASZ study (44) and slightly higher than those presented by the NIPH NIH, where the total consumption of fruits and vegetables was 313–315 g/d in 2017–2018 (45).

Although the participants of the present study consumed a total of 423 g/d of fruits and vegetables, this result cannot be considered satisfactory. Consuming additional 100 g of vegetables (containing about 2–4 g of fiber) and 100 g of fruit (containing about 2–3 g of fiber) could significantly improve daily fiber intake. Fruits and vegetables are not only a source of dietary fiber, but also vitamins, minerals and numerous beneficial phytonutrients, including plant sterols, flavonoids and other antioxidants. Lower consumption of fruits and vegetables is associated with an increased risk of non-communicable diseases. It was estimated that in 2017, 3.9 million deaths worldwide could be attributed to the insufficient consumption of fruit and vegetables (46, 47). It was shown that each additional 200 g of fruits and vegetables per day was associated with a 16% reduction in the risk of stroke, 8% reduction in the risk of coronary heart disease and cardiovascular disease, 3% lower risk of cancer, as well as a 10% lower risk of premature death. The consumption of up to 800 g of fruits and vegetables per day was associated with a reduced risk of cardiovascular disease, and up to 600 g – with a decreased risk of developing cancer (48).

The consumption of other product groups analyzed in our study, i.e., legume seeds, nuts and seeds were dramatically low. These products certainly cannot be considered as significant sources of dietary fiber in the Polish diet. The consumption of legume seeds was at the level of 3.37 ± 0.28 g/d, and in case of nuts and seeds it was 2.8 ± 0.23 g/d, without sex-related differences. The obtained results were confirmed in the literature. According to the Global Dietary Database, the consumption of legumes in Poland was 3.0 g/d, which placed it among countries with the lowest overall consumption of this group of products (Norway – 1.2 g/d, Switzerland – 2.9 g/d, Argentina – 3.7 g/d and Malta – 4.0 g/d). In contrast, in countries with the highest consumption of legume seeds, their consumption was recorded at a level above 100 g/d (Afghanistan – 122.7 g/d, Vietnam – 104.7 g/d) (49). Legumes, nuts and seeds of other plants are characterized by exceptionally high nutritional value, and their proper share in the diet was associated with confirmed health benefits (50, 51). 100 g of nuts contain between 6 and 13 g of fiber, so consuming the recommended daily portion of 30 g of nuts could increase fiber intake by an additional 1.8 to 3.9 g of fiber per day. The suggested target intake of legume seeds is set at 50 g/d (46), and unsalted nuts at 30 g/d (52). Low interest in legume dishes in Poland is associated with the lack of habit of eating them, discomfort in the gastrointestinal tract after consumption, or long preparation time. Szczebyło et al. demonstrated that the improvement in the frequency of their consumption in Poland could be influenced by: the knowledge of new recipes with their use, gaining the ability to prepare dishes, no discomfort after eating, lower prices of products offered on the market, gaining knowledge about the nutritional value of legumes and a wider range of dishes in restaurants (53). Achieving these goals requires the implementation of widely available culinary education to improve knowledge of these important health products, the ability to prepare them is a proper way, and the resultant modification of shopping habits, and more frequent inclusion of legumes in the diet (49).

Despite numerous health benefits of dietary fiber, only a low percentage of people follow a diet in which products being good fiber sources are found in optimal amounts. When looking for the reasons for the low supply of dietary fiber in the Polish diet, it is necessary to pay attention to the multifactorial dimension of this problem. Undoubtedly, the global rising trend in the popularity of highly-processed products (3, 54), the consumption of which is inversely correlated with the consumption of dietary fiber, is one of underlying factors (55). Another factor explaining the low fiber content of diets may be related to the popularity of low-carbohydrate diets, which assume a reduction in the amount of carbohydrates consumed. This is achieved by reducing the consumption of sugar-rich processed products, but also cereal products (bread, pasta, groats, rice), some fruits and vegetables, as well as pulses, which are a source of fiber (56). It is a common myth among consumers that carbohydrates promote weight gain, which is due to misunderstanding the difference between complex and simple carbohydrates. Initiatives to update the guidelines for carbohydrate quality assessment and to identify “high quality” carbohydrate sources as derived from whole grains, legumes, fruits and vegetables seem to be of particular importance (57).

Optimizing fiber intake at the population level requires a multifaceted approach that takes account of various factors affecting eating habits and involves the use of innovative strategies. In addition to effective educational programs on the health benefits of a high-fiber diet, it is necessary to develop strategies that will encourage the selection of high-fiber products in an attractive way for the modern consumer.

The most appropriate way to increase the amount of fiber in the diet is to choose whole grains instead of refined cereal products. The key to achieving this goal is to increase the availability of high-fiber foods in stores, such as whole grain bread and pasta, at the same time reducing the presence of highly processed products. It is also important to clearly label healthier dietary options, which will make it easier for consumers to make more beneficial choices. In addition, it is important to reduce the economic barrier associated with the higher costs of whole grains compared to processed products. Willett et al. suggested that the target daily intake of whole grains should be 232 g (58). However, this would require a radical change in dietary patterns and is unlikely due to numerous barriers (59). In this situation, it may be helpful to implement an approach focused on personalized dietary advice, adapting nutritional suggestions to individual habits, leading to greater adherence to fiber-related recommendations (60). Incorporating fiber-enriched foods into the daily diet, without compromising taste or consumer acceptance may also be an effective strategy to significantly increase fiber intake. A study by Brandl et al. revealed that offering a variety of fiber-enriched foods increased daily fiber intake by 10–12 grams in middle-aged individuals with and without cardiometabolic risk (61). Moreover, an increase in fiber intake may be achieved by introducing new technologies and promoting sustainable food production methods. Enriching 3D printed apricot gel snacks with fiber derived from orange waste may be an example of such a technology. Citrus waste, such as orange peels, is rich in nutrients, including fiber and phenolic compounds. Their reuse in food production, for example by adding them to novel foods, may increase the intake of fiber and bioactive compounds while promoting a more sustainable use of resources (62). Aiming at increasing the consumption of legumes may be another strategy. It would be realistic to implement the recommendations to consume half of cereal products in the form of whole grains and to consume one portion of legumes per day (63). A portion of 100 g of legumes provides about 7 g of fiber. Legumes may be included in the diet not only in the form of seeds, but also processed, in the form of flour, pasta or products with their addition. The consumption of fruits and vegetables (fresh and frozen) should also be constantly promoted as part of each meal throughout the year, in accordance with current recommendations.

All these strategies should be supported by government policies promoting the production and promotion of fiber-rich foods through subsidies, educational campaigns, and legislative changes that will facilitate access to healthy foods. The implementation of such strategies may significantly contribute to increasing the intake of fiber in the population, leading to better health outcomes and supporting sustainable eating habits. Thus, the research indicates that increasing population fiber intake requires a differentiated approach that includes consumer education, collaboration with the food industry, and government support. Examples such as replacing refined bread by whole grain one, promoting the consumption of legumes and fruit and vegetables, as well as the use of innovative technologies and promotional strategies may contribute to increasing fiber intake and improving public health.


4.1 Strengths and limitations

This study boasts several robust attributes that enhance its scientific merit and reliability. First, it employs a large, nationally representative sample, which improves the generalizability of the findings to the adult population of Poland. The inclusion of 4,000 participants from diverse demographic backgrounds ensures a comprehensive analysis across different age, sex, and socioeconomic groups, thereby enhancing the external validity of the study. Secondly, the methodological rigor of this research is evident in its use of a validated 24-h dietary recall and the Computer-Assisted Personal Interview (CAPI) techniques. These methods are well-established in nutritional epidemiology for their accuracy and reliability in dietary assessment. The study also benefits from the dual-recall approach, where dietary intake was assessed twice per participant, thus reducing the recall bias commonly associated with single dietary assessments. Furthermore, the statistical analysis was meticulously conducted with weighted analysis to account for the stratified sample design, ensuring that the findings were reflective of the national population structure. This level of detail in statistical handling allows for a more accurate interpretation of dietary patterns and fiber intake across various subgroups.

The study faces certain limitations that merit consideration. One of the primary limitations is related to its cross-sectional design, which, while effective for assessing dietary patterns at a specific point in time, does not allow for causal inferences between dietary fiber intake and health outcomes. Longitudinal studies would be necessary to establish causality and observe changes in dietary habits over time. Additionally, the reliance on self-reported data through 24-h dietary recalls may introduce reporting bias, typically underreporting or overreporting food intake, which might affect the accuracy of the dietary assessment. Although the use of a validated tool and repeated measures helps mitigate this issue, it cannot completely eliminate the inherent biases associated with self-reported data. Another limitation is linked to the potential for residual confounding by factors not adequately controlled or assessed in the study, such as detailed socioeconomic status, psychological factors, and other lifestyle variables like sleep patterns and sedentary behaviors, which might influence dietary habits and fiber intake.

While this study provides valuable insights into the dietary fiber intake among Polish adults and identifies key demographic disparities, the results must be interpreted within the context of its design limitations. Future research would benefit from longitudinal designs and a more extensive assessment of confounding factors to deepen the understanding of the dynamics and implications of fiber intake in the diet.




5 Conclusion

The study revealed that the average daily intake of fiber among the adult population in Poland was below the recommended levels in virtually all age groups of men and women. The main source of this component is cereal products, although the intake of whole grain cereal products is low. Vegetables are also important sources of fiber, but pulses and nuts are of marginal importance.

Our study reflects global observations that fiber intake is generally inadequate in different populations. Addressing this widespread dietary deficiency necessitates enhanced public health education focusing on the benefits and sources of dietary fiber and methods for its incorporation into daily meals. Governments and health organizations should consider policies that encourage the production and consumption of high-fiber foods such as whole grains, fruits, and vegetables. Subsidies for whole grains and promotional campaigns highlighting their health benefits could significantly improve public dietary habits. Special interventions might also be required to target specific demographics such as younger adults and women to normalize higher fiber consumption relative to their energy intake.

Given the universal challenge posed by inadequate fiber intake, there is a compelling case for global health campaigns and food policies aimed at increasing fiber consumption. While the specific types of fiber-rich foods might vary across cultures, the fundamental strategies, i.e., emphasizing whole grains, fruits, and vegetables, may be applied universally, albeit with cultural adaptations to enhance effectiveness.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Institutional Ethical Review Board at the Medical University of Warsaw (approval nos. AKBE/163/17 and AKBE/164/17). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

AK: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Validation, Visualization, Writing – original draft, Writing – review & editing. BeS: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. MP: Conceptualization, Formal analysis, Investigation, Writing – review & editing. PS-K: Data curation, Software, Writing – review & editing. DS-W: Methodology, Writing – review & editing. FR: Project administration, Supervision, Writing – review & editing. BoS: Methodology, Supervision, Writing – review & editing. IT: Methodology, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was funded by Ministry of Health (Poland) under the National Health Program 2016–2020 (contract no 6/1/3.1.1c/NPZ/2017/1210/644 and 6/1/3.1.1d/NPZ/2017/1210/645).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1433406/full#supplementary-material



References

 1. Zhang, S, Tian, J, Lei, M, Zhong, C, and Zhang, Y. Association between dietary fiber intake and atherosclerotic cardiovascular disease risk in adults: a cross-sectional study of 14, 947 population based on the National Health and nutrition examination surveys. BMC Public Health. (2022) 22:1076. doi: 10.1186/s12889-022-13419-y 

 2. Kimura, Y, Yoshida, D, Hirakawa, Y, Hata, J, Honda, T, Shibata, M , et al. Dietary fiber intake and risk of type 2 diabetes in a general Japanese population: the Hisayama study. J Diab Invest. (2021) 12:527–36. doi: 10.1111/jdi.13377 

 3. Barber, TM, Kabisch, S, Pfeiffer, AFH, and Weickert, MO. The health benefits of dietary fibre. Nutrients. (2020) 12:3209. doi: 10.3390/nu12103209 

 4. Wei, Z, Chen, Z, Xiao, W, and Wu, G. A systematic review and Meta-analysis of the correlation between polycystic ovary syndrome and irritable bowel syndrome. Gynecol Endocrinol. (2023) 39:2239933. doi: 10.1080/09513590.2023.2239933 

 5. Leung, WT, Tang, Z, Feng, Y, Guan, H, Huang, Z, and Zhang, W. Lower Fiber consumption in women with polycystic ovary syndrome: a Meta-analysis of observational studies. Nutrients. (2022) 14:5285. doi: 10.3390/nu14245285 

 6. Hijova, E, Bertkova, I, and Stofilova, J. Dietary fibre as prebiotics in nutrition. Cent Eur J Public Health. (2019) 27:251–5. doi: 10.21101/cejph.a5313

 7. Weickert, MO, and Pfeiffer, AF. Metabolic effects of dietary fiber consumption and prevention of diabetes. J Nutr. (2008) 138:439–42. doi: 10.1093/jn/138.3.439

 8. European Food Safety Authority. Scientific opinion on dietary reference values for carbohydrates and dietary fibre 1EFSA panel on dietetic products, nutrition, and allergies (NDA). EFSA J. (2010) 8:1462. doi: 10.2903/j.efsa.2010.1462

 9. Nishida, C, Uauy, R, Kumanyika, S, and Shetty, P. The joint WHO/FAO expert consultation on diet, nutrition and the prevention of chronic diseases: process, product and policy implications. Public Health Nutr. (2004) 7:245–50. doi: 10.1079/PHN2003592 

 10. U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015–2020 Dietary Guidelines for Americans. 8th Edition. (2015). Available at: http://health.gov/dietaryguidelines/2015/guidelines/ (Accessed April 5, 2024)

 11. Gose, M, Krems, C, Heuer, T, and Hoffmann, I. Trends in food consumption and nutrient intake in Germany between 2006 and 2012: results of the German National Nutrition Monitoring (NEMONIT). Br J Nutr. (2016) 115:1498–507. doi: 10.1017/S0007114516000544 

 12. Wojtasik, A, Pietraś, E, and Kunachowicz, H. Błonnik pokarmowy In: M Jarosz, E Rychlik, K Stoś, and J Charzewska, editors. Normy żywienia dla populacji Polski i ich zastosowanie. Warsaw: Narodowy Instytut Zdrowia Publicznego–Państwowy Zakład Higieny (2020). 148–70.

 13. Food and Agriculture Organization. (2024). Food-based dietary guidelines. Available at: https://www.fao.org/nutrition/education/food-dietary-guidelines (Accessed April 5, 2024)

 14. Office of Health Improvement and Disparities. Eatwell guide. Available at: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742750/Eatwell_Guide_booklet_2018v4.pdf (Accessed April 10, 2024)

 15. Montagnese, C, Santarpia, L, Iavarone, F, Strangio, F, Sangiovanni, B, Buonifacio, M , et al. Food-based dietary guidelines around the world: eastern Mediterranean and middle eastern countries. Nutrients. (2019) 11:1325. doi: 10.3390/nu11061325 

 16. National Health and Medical Research Council. Eat for health. Australian dietary guidelines. Summary. Available at: https://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Documents/final%20english (Accessed April 10, 2024)

 17. The National Institute of Public Health–National Institute of Hygiene (NIZP-PZH). (2020). Polish healthy eating plate. Available at: https://ncez.pzh.gov.pl/wp-content/uploads/2021/02/talerz-i-zalecenia.pdf (Accessed April 5, 2024)

 18. Jmal, L, Jmal, A, Abdennebi, M, Feki, M, and Boukthir, S. Prevalence of metabolic syndrome in Tunisian overweight and obese children. Tunis Med. (2019) 97:133–9.

 19. Lăcătușu, CM, Grigorescu, ED, Floria, M, Onofriescu, A, and Mihai, BM. The Mediterranean diet: from an environment-driven food culture to an emerging medical prescription. Int J Environ Res Public Health. (2019) 16:942. doi: 10.3390/ijerph16060942 

 20. Cifuentes, L, and O'Keefe, S. Analysis of 1999-2017 NHANES data: minimal increase and racial disparities in U.S. Fiber consumption over 18 years. Nutr Cancer. (2024) 14:1–7. doi: 10.1080/01635581.2024.2316366

 21. Stephen, AM, Champ, MM-J, Cloran, SJ, Fleith, M, van Lieshout, L, Mejborn, H , et al. Dietary fibre in Europe: current state of knowledge on definitions, sources, recommendations, intakes and relationships to health. Nutr Res Rev. (2017) 30:149–90. doi: 10.1017/S095442241700004X

 22. Waśkiewicz, A, Szcześniewska, D, Szostak-Węgierek, D, Kwaśniewska, M, Pająk, A, Stepaniak, U , et al. Are dietary habits of the polish population consistent with the recommendations for prevention of cardiovascular disease?-WOBASZ II project. Kardiol Pol. (2016) 74:969–77. doi: 10.5603/KP.a2016.0003 

 23. Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 on the Protection of Individuals with regard to the Processing of Personal Data and on the Free Movement of Such Data, and Repealing Directive 95/46/EC (General Regulation on the Protection of Data). Available at: https://www.uodo.gov.pl/pl/131/224 (Accessed April 5, 2024).

 24. World Medical Association. World medical association declaration of Helsinki: ethical principles for medical research involving human subjects. JAMA. (2013) 310:2191–4. doi: 10.1001/jama.2013.281053

 25. European Food Safety Authority. General principles for the collection of national food consumption data in the view of a pan-European dietary survey. EFSA J. (2009) 7:1435–86. doi: 10.2903/j.efsa.2009.1435

 26. Traczyk, I, Raciborski, F, Kucharska, A, Sińska, BI, Milewska, M, Samoliński, B , et al. A National Study of nutrition and nutritional status of the adult polish population in the years 2017-2020 before and during the COVID-19 pandemic-design and methods. Nutrients. (2021) 13:2568. doi: 10.3390/nu13082568 

 27. National Census of Population and Housing. Report on preliminary results In: Statistics Poland/National Census/National Population and housing census 2021/preliminary results of the National Population and housing census 2021. Szałtys D Warsaw: Statistics Poland (2022)

 28. DIETA 5 computer programme. National Food and Nutrition Institute. Warsaw, Poland. (2024). Available on: Instytut Żywności i Żywienia–NIZP PZH-PIB.

 29. Szponar, L, Wolnicka, K, and Rychlik, E. Album of photographs of food products and dishes. Warszawa: Instytut Żywności i Żywienia (2000).

 30. Fontanelli, M, Micha, R, Sales, CH, Liu, J, Mozaffarian, D, and Fisberg, RM. Application of the ≤ 10:1 carbohydrate to fiber ratio to identify healthy grain foods and its association with cardiometabolic risk factors. Eur J Nutr. (2020) 59:3269–79. doi: 10.1007/s00394-019-02165-4

 31. Miketinas, D, Tucker, W, Patterson, M, and Douglas, C. Usual dietary fiber intake in US adults with diabetes: NHANES 2013-2018. Curr Dev Nutr. (2021) 5:1061. doi: 10.1093/cdn/nzab053_054

 32. Clemente-Suárez, VJ, Beltrán-Velasco, AI, Redondo-Flórez, L, Martín-Rodríguez, A, and Tornero-Aguilera, JF. Global impacts of Western diet and its effects on metabolism and health: a narrative review. Nutrients. (2023) 15:2749. doi: 10.3390/nu15122749 

 33. García-Montero, C, Fraile-Martínez, O, Gómez-Lahoz, AM, Pekarek, L, Castellanos, AJ, Noguerales-Fraguas, F , et al. Nutritional components in Western diet versus Mediterranean diet at the gut microbiota-immune system interplay. Implications for health and disease. Implic Health Dis Nutr. (2021) 13:699. doi: 10.3390/nu13020699 

 34. O'Keefe, SJ. The association between dietary fibre deficiency and high-income lifestyle-associated diseases: Burkitt's hypothesis revisited. Lancet Gastroenterol Hepatol. (2019) 4:984–96. doi: 10.1016/S2468-1253(19)30257-2 

 35. McKeown, NM, Fahey, GC, Slavin, J, and van der Kamp, J-W. Fibre intake for optimal health: how can healthcare professionals support people to reach dietary recommendations? BMJ. (2022) 378:e054370. doi: 10.1136/bmj-2020-054370 

 36. Reynolds, A, Mann, J, Cummings, J, Winter, N, Mete, E, and Te Morenga, L. Carbohydrate quality and human health: a series of systematic reviews and meta-analyses. Lancet. (2019) 393:434–45. doi: 10.1016/S0140-6736(18)31809-9

 37. O’Keefe, SJ. The need to reassess dietary fiber requirements in healthy and critically ill patients. Gastroenterol Clin N Am. (2018) 47:219–29. doi: 10.1016/j.gtc.2017.10.005 

 38. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2

 39. Hashimoto, Y, Tanaka, M, Miki, A, Kobayashi, Y, Wada, S, Kuwahata, M , et al. Intake of carbohydrate to fiber ratio is a useful marker for metabolic syndrome in patients with type 2 diabetes: a cross-sectional study. Ann Nutr Metab. (2018) 72:329–35. doi: 10.1159/000486550 

 40. Makhani, SS, Davies, C, George, KA, Castro, G, de la Vega, PR, and Barengo, NC. Carbohydrate-to-Fiber ratio, a marker of dietary intake, as an indicator of depressive symptoms. Cureus. (2021) 13:e17996. doi: 10.7759/cureus.17996 

 41. Lloyd-Jones, DM, Hong, Y, Labarthe, D, Mozaffarian, D, Appel, LJ, Van Horn, L , et al. Defining and setting national goals for cardiovascular health promotion and disease reduction. Circulation. (2010) 121:586–613. doi: 10.1161/circulationaha.109.192703

 42. Moris, JM, Fitzgibbons, A, Burnam, B, Petty, G, Heinold, C, Timon, C , et al. A high carbohydrate-to-fiber ratio is associated with a low diet quality and high fat mass in young women. Human Nutr Metabol. (2022) 30:200163. doi: 10.1016/j.hnm.2022.200163

 43. Blumfield, M, McConnell, A, Cassettari, T, Petocz, P, Warner, M, Campos, V , et al. Balanced carbohydrate ratios are associated with improved diet quality in Australia: a nationally representative cross-sectional study. PLoS One. (2021) 16:e0253582. doi: 10.1371/journal.pone.0253582

 44. Sygnowska, E, Waśkiewicz, A, Głuszek, J, Kwaśniewska, M, Biela, U, Kozakiewicz, K , et al. Spożycie produktów spożywczych przez dorosłą populację Polski. Wyniki programu WOBASZ Kardiologia Polska. (2005) 63:6. doi: 10.33963/v.kp.81539

 45. Narodowy Instytut Zdrowia Publicznego. Raport: Sytuacja zdrowotna ludności Polski i jej uwarunkowania. (2022). Raport: Sytuacja zdrowotna ludności Polski i jej uwarunkowania – NIZP PZH-PIB

 46. World Health Organization. Healthy diet. (2020). Available at: https://www.who.int/news-room/fact-sheets/detail/healthy-diet (Accessed April 10, 2024)

 47. World Health Organization. Increasing fruit and vegetable consumption to reduce the risk of noncommunicable diseases. (2023). Available at: https://www.who.int/tools/elena/interventions/fruit-vegetables-ncds (Accessed April 10, 2024)

 48. Aune, D, Giovannucci, E, Boffetta, P, Fadnes, LT, Keum, N, Norat, T , et al. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality—a systematic review and dose-response meta-ananalysis of prospective studies. Int J Epidemiol. (2017) 46:1029–56. doi: 10.1093/ije/dyw319 

 49. Hughes, J, Pearson, E, and Grafenauer, S. Legumes—a comprehensive exploration of global food-based dietary guidelines and consumption. Nutrients. (2022) 14:3080. doi: 10.3390/nu14153080 

 50. Yanni, AE, Iakovidi, S, Vasilikopoulou, E, and Karathanos, VT. Legumes: a vehicle for transition to sustainability. Nutrients. (2024) 16:98. doi: 10.3390/nu16010098 

 51. Gonçalves, B, Pinto, T, Aires, A, Morais, MC, Bacelar, E, Anjos, R , et al. Composition of nuts and their potential health benefits-an overview. Food Secur. (2023) 12:942. doi: 10.3390/foods12050942 

 52. Visseren, FLJ, Mach, F, Smulders, YM, Carballo, D, Koskinas, KC, Bäck, M , et al. ESC National Cardiac Societies; ESC scientific document group. 2021 ESC guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J. (2021) 42:3227–337. doi: 10.1093/eurheartj/ehab484

 53. Szczebyło, A, Rejman, K, Halicka, E, and Laskowski, W. Towards more sustainable diets – attitudes, opportunities and barriers to fostering pulse consumption in polish cities. Nutrients. (2020) 12:1589. doi: 10.3390/nu12061589 

 54. Mertens, E, Colizzi, C, and Peñalvo, JL. Ultra-processed food consumption in adults across Europe. Eur J Nutr. (2022) 61:1521–39. doi: 10.1007/s00394-021-02733-7 

 55. Rauber, F, da Costa Louzada, ML, Steele, EM, Millett, C, Monteiro, CA, and Levy, RB. Ultra-processed food consumption and chronic non-communicable diseases-related dietary nutrient profile in the UK (2008–2014). Nutrients. (2018) 10:587. doi: 10.3390/nu10050587

 56. Churuangsuk, C, Lean, MEJ, and Combet, E. Carbohydrate knowledge, dietary guideline awareness, motivations and beliefs underlying low-carbohydrate dietary behaviours. Sci Rep. (2020) 10:14423. doi: 10.1038/s41598-020-70905-2 

 57. World Health Organization. Carbohydrate intake for adults and children: WHO guideline. (2023). Available at: https://www.who.int/publications/i/item/9789240073593 (Accessed April 20, 2024)

 58. Rijnaarts, I, de Roos, NM, Wang, T, Zoetendal, EG, Top, J, Timmer, M , et al. Increasing dietary fibre intake in healthy adults using personalised dietary advice compared with general advice: a single-blind randomised controlled trial. Public Health Nutr. (2021) 24:1117–28. doi: 10.1017/S1368980020002980 

 59. Brandl, B, Rennekamp, R, Reitmeier, S, Pietrynik, K, Dirndorfer, S, Haller, D , et al. Offering Fiber-enriched foods increases Fiber intake in adults with or without Cardiometabolic risk: a randomized controlled trial. Front Nutr. (2022) 9:816299. doi: 10.3389/fnut.2022.816299 

 60. Molina-Montero, C, Vicente-Jurado, D, Igual, M, Martínez-Monzó, J, and García-Segovia, P. Fiber enrichment of 3D printed apricot gel snacks with Orange by-products. Gels. (2023) 9:569. doi: 10.3390/gels9070569 

 61. Willett, WC, and Liu, S. Carbohydrate quality and health: distilling simple truths from complexity. Am J Clin Nutr. (2019) 110:803–4. doi: 10.1093/ajcn/nqz215 

 62. Robinson, E, and Chambers, L. The challenge of increasing whole grain intake in the UK. Nutr Bull. (2018) 43:135–46. doi: 10.1111/nbu.12319

 63. Reyneke, G, Hughes, J, and Grafenauer, S. Consumer understanding of the Australian dietary guidelines: recommendations for legumes and whole grains. Nutrients. (2022) 14:1753. doi: 10.3390/nu14091753 

Copyright
 © 2024 Kucharska, Sińska, Panczyk, Samel-Kowalik, Szostak-Węgierek, Raciborski, Samoliński and Traczyk. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1433406-t004.jpg
Total energy intake

2967.524897.25

(keal)
Total fiber (g) 20814692
% of recommended

83.2227.68
fiber intake
Total fiber

7.24£209
(g/1000kcal)
Carbohydrate to
fiber ratio 18.36:1 £ 488
Cereal (g) (total
cereals) 255.94486.13
Cereal fiber (g) 9.21+3.01
Proportion of total
daily fiber (%) 46841446
Refined bread () 169.76£94.43
Refined bread
fiber (g) 4645272
Proportion of total

y fiber (%) 24321607

Whole grain

12703505
bread ()
Whole grain bread
fiber (g) 093256
Proportion of total
daily fiber (%) 4351120
Vegetables () 27440415607
Vegetable fiber (5) 458278
Proportion of total
daily fiber (%) 21851112
Fruits () 166.49:150.49
Fruit fiber (g) 2312221
Proportion of total
daily fiber (%) 1024876
Legumes (g) 215£809
Legume fiber (g) 0326124
Proportion of total
daily fiber (%) 14£549
Nuts and seeds (g) 5.40+15.07
Nuts fiber (g) 039113
Proportion of total
daily fiber (%) 154395

2595.01£65275

19.18£6.02

76742412

7624239

1747:1£4.48

219.88£70.31

85£337

45.9+143

163.42:£87.30

463£251

26341548

1625+40.95

1154298

49£1167
267.49£153.09

444249

228£1024
1327715333

194218

904959
3.66+1361

064224

244851
2814959

0184057

08£258

“one way ANOVA. M - mean, SD - standard deviation.

2449.644726.77

1962622

80.1426.64

8314253

1591:1:4£4.04

2141748324

8.88£4.07

45641336

149.33£94.65

4594307

24641492

241145186

167+3.61

69£13.94
269.43£153.24

446£256

23641236
15872414531

2354225

1191088
43741323

0.66:£2.04

284853
2224823

0.15£0.52

2203.23£612.14

1818543

90.9£27.16

8524261

1639:1£4.73

200107092

7.75£36

43.9£16.00

157.70£75.36

450£237

26.6+1421

1118:£33.69

0794247

3941097
257.79+4159.38

4534285

245£12.80
14522412258

2124201

118+9.72
520£1421

0744214

38£1035
0.76£451

0094046

04£1.94

247854451117

20.01£5.07

100.1£25.35

812414

16.74:1£2.83

2320247147

7564364

446£17.14

170.88:£76.89

495279

25741576

13.06£40.55

0874258

324871
297.80+158.49

4762252

27.8£1393
144.75£107.03

2444277

106843
55641830

074241

294953
2424740

0132058

08£3.23

25.02

393

12.00

8.42

7.77

1154

474

090

135

017

083

258

228

043

025

202

191

202

407

125

162

470

493

386

<0.001

0.004

<0.001

<0.001

<0.001

<0001

0.001

0.466

0251

0955

0503

0.036

0059

0132

0791

0.909

0.09

0.107

0.09

0.003

0288

0.424

0.168

0.001

0.001

0.004





OPS/images/fnut-11-1433406-t005.jpg
Total energy intake
(keal)

Total fiber (g)

% of recommended
fiber intake

Total fiber
(g/1000kcal)

Carbohydrate to

fiber ratio

Cereal (g) (total
cereals)

Cereal fiber (g)

Proportion of total
daily fiber (%)

Refined bread (g)
Refined bread
fiber (g)

Proportion of total
y fiber (%)

Whole grain
bread ()

Whole grain bread
fiber (g)

Proportion of total
daily fiber (%)

Vegetables (g)
Vegetable iber (g)

Proportion of total
daily fiber (%)

Fruits (§)
Frit fiber ()

Proportion of total
daily fiber (%)

Legumes (g)
Legume fiber ()

Proportion of total
daily fiber (%)

Nuts and seeds (g)
Nuts fber (g)

Proportion of total
daily fiber (%)

“one way ANOVA. M - mean, SD - standard deviation.

186283 £689.86

164+7.29

65.6+29.16

9.13£35

16.68:145.84

162.67+74.60

6.95£3.66

43.6+1425

7245£59.73

2155196

1541383

243044437

1794328

9.2£1430

225,65+ 14431

3724245

23141306

187.23£177.36

2834287

1571246

28541101

0.38+153

186,69

3141544

0214108

10397

1860.68+630.42

1636.17

65.3424.67

9.05£3.15

1593:1£5.09

15747£72.20

674£3.71

41941544

78.63+64.01

2295211

149+12.24

27.14£43.19

19743.38

108£15.98

237.01£159.85

3.9343.07

24141318

19425£150.90

2794231

1681154

29341014

044145

20£7.00

348£10.79

0224072

13364

1807.47£620.09

169425.54

68.7422.14

9934334

1495:14£434

163.1768.55

724355

425£14.48

89.474£64.43

2624201

16.1£12.00

30.76:£46.84

2314370

124£17.95

24225412633

3924211

237£1093

203.49:+147.67

2924219

1761213

29941097

0464169

244836

2904888

0194063

09+2.74

1799.34£597.56

1637552

81842762

945274

15.68:1£4.60

166.95£76.74

6925392

41741432

97.92464.97

2.88£2.07

187£12.99

209244190

1.49+3.02

80£1426

235.01£135.47

416£254

25541250

204.95£150.59

2814209

18241224

30941389

0574238

204726

1482611

0124052

074250

178344587

15424622

77143110

8714227

16521£4.50

153.24£55.40

6364325

42741347

105.87+65.36

3154225

210£13.12

199437.98

1412283

8941568
193324104.69

3464296

219£1097
22160416672

3254293

202£13.82
109488

0134068

10471
32241448

0224105

154528

057

068

1591

326

298

076

081

048

588

5.00

468

160

179

238

113

106

129

064

048

172

028

082

040

120

067

127

0.685

0.604

0.001

0011

0018

0548

0520

0.748

<0.001

0.001

0.001

0172

0.130

0.050

0340

0377

0272

0.636

0751

0143

0.890

0514

0812

0309

0615

0282





OPS/images/fnut-11-1433406-t002.jpg
Variable

Age (years)
19-30 312 150 153 162 152
31-50 844 426 234 418 391
51-65 389 183 187 206 193 8616 0071
66-75 426 195 199 231 216
>75 78 27 28 51 48
Place of residence
Village 657 343 350 314 294
Town to 10 thousand 300 136 139 164 154
Town 20-100
33 an 25 2 208 9.493 0023
thousand
City over 100
639 291 27 368 15
thousand
Education
Primary/junior high
761 a2 30 339 317
schoolfvocational
Secondary (general or
963 449 458 514 48.1
technical)
3748 <0.001
Tertiary (bachelor's
degree, engineerin
pERS 325 10 12 25 201
studies, master's
degree)
Financial situation**
Good 496 291 297 205 192
Average 1371 616 628 755 707 31719 <0001
Poor 182 7 75 108 101
Physical activity***
Low 859 314 320 545 510
Moderate 1072 597 609 475 445 76550 <0.001
High ns 70 7.1 48 45
Current smoking
No 1427 641 653 786 76
16478 <0.001
Yes 622 310 347 22 264
Smoking in the past
No 1,102 447 697 655 833
37121 <0001
Yes 325 194 303 131 167
Current alcohol drinking
Never 470 121 123 349 327
1-3 times a month 765 326 332 439 4L
Oncea week 165 283 28 182 170
21538 <0.001
Several times a week 307 207 21 % 84
Once daily 37 29 30 8 07
Several times a day 5 5 05 0 00

“Pearsoris chi-squared test. * Financial situation: good: we are wealthy, we do not have to save even for larger expenses/we have enough money for all expenses, and we can save some; average:
we have enough money for everyday expenses, but we cannot afford to spend more; poor: we have to deny ourselves a lotof things in order to have enough money tolive, money s not enough even
for the most urgent needs. *** Physicalactvity: Low: mostly sedentary, watching TV; reading newspapers/books, light house works, walking for 1-2 /week: Moderate: walking, cycling exercise,
gardening or other light physical activity for 2-3h/week; High: cycling, running, gardening and other sport/recreational activities that require physical activity for longer than 3h/sweek.
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Variable

Total energy intake (kcal) 217692 1753 2547.42 221 183486 19.87 210 <0.001
Total fiber (g) 17.83 o4 1934 020 1643 019 1052 <0001
% of recommended intake 777 0.68 848 101 709 0.8 10534 <0001
Total fiber (g/1000keal) 862 0.07 7.87 008 931 010 -1135 <0.001
Carbohydrate to fiber ratio 16431 on 17.09:1 015 15821 0.16 5957 <0.001
Cereal (g) (otal cereals) 189.79 183 2082 255 16115 228 17.749 <0001
Cereal fiber (g) 767 0.08 848 011 690 on 10347 <0001
Refined bread (g) 12128 194 160.74 288 8485 203 21.930 <0.001
Refined bread fiber () 351 0.06 456 008 250 007 19717 <0.001
Whole grain bread (g) 2123 098 1617 136 2591 138 1889 <0001
Whole grain bread fiber (g) 150 0.07 111 009 187 010 —5.236 <0001
Vegetables () 25026 343 267.66 509 23420 457 4766 <0.001
Vegetable fiber (5) 416 0.06 445 008 389 0.08 4488 <0.001
Fruits () 17302 348 14564 478 19830 490 ~7.900 <0001
Fruit fiber () 247 005 206 007 286 007 8215 <0.001
Legumes () 337 0.8 390 043 289 035 1677 0094
Legume fiber (g) 052 0.04 061 007 043 005 1961 0050
Nuts and seeds (g) 280 023 270 032 290 034 ~0.108 0914
Nuts fiber (g) 019 0.02 019 002 020 002 ~0015 0988

M - mean, SEM - standard error of mean. * Student’ r-test.
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Category Products

Cereal (total cereals) | Flour, pasta, groats, rice, breakfast cereals, bread (total),
cereal snacks
Flour from cakes, wafers, cookies and biscuits was
added to the flour group, and the intake was estimated
on the basis of the guidelines for the recipe composition

in g per 100g of the ready-to-eat product.

« Refined bread light rye bread, light rye and wheat bread, wheat bread
and rolls
+ Whole grainbread  whole grain rye bread, whole grain rye and wheat

bread, whole grain wheat bread

Vegetables Vegetables whose consumption was estimated in the
edible parts were converted into a marketed product
using information on the quantity of waste.

‘The following conversion coefficients were applied:
+ 90g of frozen vegetables = 100 of fresh vegetables

(marketed product)

80g of canned vegetables = 100g of fresh vegetables

(marketed product)

20g of tomato concentrate= 100 of vegetables rich

in carotene

100g of ketchup= 100 of vegetables rich in carotene

consumption of vegetable juices was not taken

into account

Fruits Fruits whose consumption was estimated in the edible
parts were converted into a marketed product using

inform:

ion on the quantity of waste.
‘The following conversion coefficients were applied:

« 90goffrozen fruits=100g of fresh fruits

(marketed product)

+ 80g of canned fruits= 100 of fresh fruits
(marketed product)

+ 20gofdried fruits = 100g of fresh fruits

(marketed product)

the amount of fruit from jams was added to the total

fruit consumption based on the composition

consumption of fuit juices was not taken

into account
Legumes Dry legume seeds (marketed product)

Nuts and sceds Nuts and sceds (marketed product)
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