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Abstract

:

Inflammatory bowel disease (IBD) belongs to a group of autoimmune conditions characterized by chronic inflammation and mucosal ulceration of the gastrointestinal tract. The etiology of IBD is complex. The etiological factors include environmental factors, among which diet is important. The aim of this study was to evaluate the diet of IBD patients. This case–control study was carried out on 82 patients with IBD; the control group consisted of 80 clinically healthy subjects. Food intake was assessed using a 24 h recall and frequency food questionnaire. Energy intake in the IBD group was insufficient and significantly lower than in the control group. The energy intake in the group of patients with active IBD was significantly lower than in the group of subjects in remission. The total fat and protein intake was significantly lower in the IBD group compared to the healthy subjects. IBD patients were characterized by underconsumption of all food groups analyzed, except for the intake of red meat and poultry. Our study showed inadequate intake of energy and most nutrients in IBD patients, even during the remission period. The study indicates the need for routine assessment of dietary intake and nutrition among IBD patients, as well as potential dietary interventions aimed at improving the energy and nutritional quality of diet in order to optimize treatment outcomes and prevent the development of accompanying diseases.
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1. Introduction


Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), belongs to a group of autoimmune conditions characterized by chronic inflammation and mucosal ulceration of the gastrointestinal tract. These conditions are known to have an irregular course, with periods of exacerbation of disease symptoms alternating with remission [1]. The etiology of IBD is complex, and the etiological factors include genetic predisposition and disruption of the intestinal microbiome, as well as environmental factors. A growing body of scientific evidence points to a dysbiosis of the microbiota and an abnormal immune response in individuals with a genetic predisposition [2,3,4,5]. It is likely that this process is provoked by changes in environmental factors, among which diet is very important [6,7]. The Western diet, characterized by a high intake of energy, fats and sugars, as well as a low intake of fruit and vegetables [8,9,10,11], is indicated as an important risk factor. In contrast, foods that protect against the development of IBD include dietary fiber [11,12,13,14], fruit [15,16], vegetables [15,16,17], fish [15,18,19] and nuts [15,19]. Despite extensive research, it has not yet been possible to establish strict dietary recommendations for this group of patients [13,20].



High intake of total fat, polyunsaturated fatty acids (PUFAs), omega-6 fatty acids and meat increases the risk of developing UC, while a high intake of saturated fatty acids (SFAs), PUFAs, omega-6 fatty acids and meat increases the risk of developing CD [21,22]. A high intake of dietary fiber and fruit reduces the risk of CD; however, this relationship has not been proven for UC [21,22]. In contrast, no association has been shown between total carbohydrate intake and IBD risk, even in studies reporting intakes more than twice the recommended level [21]. A meta-analysis conducted in 2011 found a relationship between a high intake of total fat, PUFA, omega-6 fatty acids and meat and a higher risk of CD and UC. Additionally, a high intake of fiber and fruit was shown to be associated with a lower risk of CD, while a high intake of fiber from vegetables was associated with a lower risk of UC [22]. These relationships have also been confirmed in prospective studies [13,23]. Moreover, some papers have described an association between the consumption of meat, synthetic sweeteners, and food additives with a higher incidence of IBD [24].



Due to the lack of strict guidelines, IBD patients, based on their own experience and fear of relapse, self-impose restrictive elimination diets, as confirmed in many studies [25,26,27]. This behavior promotes nutritional deficiencies and malnutrition, which is often diagnosed in these patients and which hinders the achievement of therapeutic goals [28,29,30]. Among the most commonly cited dietary abnormalities are inadequate intake of iron, calcium, magnesium and vitamins B9, D and K [29]. Products that these patients often avoid include alcohol and fried foods, as well as fruit and vegetables [25,26,29], whereas fruit and nuts have been mentioned as products that have a potentially protective effect [30,31,32].



In IBD patients without food allergies and intolerances, the Mediterranean diet appears to be the safest nutrition model. Due to the variety of products used, it is a highly diversified diet with high nutritional value. The Mediterranean dietary pattern is based on a high intake of olive oil, fruit, vegetables, whole-grain cereal products, legumes, nuts and seeds. It also includes a moderate intake of fish, white meat, eggs and fermented dairy products (cheese and yogurt), as well as relatively small amounts of red meat, processed meats and high-sugar products. The results of clinical studies on the Mediterranean diet indicate its potential contribution to IBD treatment. High adherence to the Mediterranean diet has been observed to have a beneficial effect on the intestinal microflora and associated metabolism [33,34,35,36,37]. Additionally, it has also been indicated that adherence to the Mediterranean dietary pattern lowers the risk of subsequent CD and improves the quality of life in IBD patients [34]. The Mediterranean diet shows a high potential for the beneficial modulation of intestinal inflammation, a possible preventive effect for IBD.



In recent years, some evidence has emerged with regard to a relation between IBD and an increased risk of cardiovascular incidents resulting from chronic inflammation that contributes to the development of atherosclerosis [38,39,40]. A meta-analysis conducted in 2014 found coronary incidents in more than 5% of patients with IBD, as well as an increased risk of ischemic heart disease in one in five patients [41]. A study by Kristensen et al. showed that IBD patients face an increased risk of stroke and hospitalization for heart failure compared to healthy subjects [39]. A study by Panhwar et al. reported a significantly higher risk of myocardial infarction in patients with CD and UC compared to the healthy population [38]. Thus, it seems reasonable to introduce nutritional prevention guidelines for cardiovascular disease in IBD patients.



The aim of this study was to quantitatively and qualitatively evaluate the diet of IBD patients to identify dietary errors and possible nutrient deficiencies. Additionally, this group of patients was assessed for adherence to the Mediterranean diet and dietary guidelines for prevention of cardiovascular diseases.




2. Materials and Methods


This case–control study was carried out on 82 Caucasian patients with IBD, including 48 patients with CD and 34 patients with UC, recruited from the Department of Digestive Tract Diseases, Medical University of Lodz, between June and October 2022. Patients were not hospitalized during the assessment and had not had a regular diet evaluations or consultations before the assessment. Detailed characteristics of the study participants was described in our previous articles [42,43,44]. Shortly, all the subjects had a confirmed diagnosis of IBD. Disease activity was assessed using validated scales. For CD patients, the Crohn’s Disease Activity Index (CDAI) was used; for UC patients, the Partial Mayo Score was applied [45,46]. Individuals with conditions that may disrupt the nutritional status (cancer, metabolic syndrome) were excluded from the study. The control group consisted of 80 clinically healthy subjects without IBD.



In all the subjects, waist circumference was measured, and BMI (Body Mass Index) was determined. The body composition of each study participant was assessed by bioelectrical impedance analysis (BIA) using an InBody 270 instrument.



Food intake was assessed using a 24 h recall questionnaire, obtained three times from each subject. The mean intake of energy and nutrients was assessed using the computer program Diet 6.0 (license number 52/PD/2022) [47]. Additionally, dietary data were obtained with the Food Frequency Questionnaire (FFQ), based on the previous week/month as a reference period.



Assessment of the subjects’ dietary habits was performed using the Mediterranean Diet Score (MedDietScore) [48,49]. According to the recommendations of the European Society of Cardiology, the diet of the subjects was assessed by verifying the implementation of 11 dietary guidelines for the prevention of cardiovascular diseases, one point for each achieved guideline. The higher the values, the higher the adherence to the guidelines of the European Society of Cardiology [49,50].



All the computational procedures were performed using Statistica™ 14 (TIBCO Software Inc., Palo Alto, CA, USA). Descriptive statistics with determination of the mean and standard deviation or median and interquartile range were made. Categorical variables were presented in the form of numbers and percentages. The Shapiro–Wilk W test was used to assess the normality of distribution. For univariate analyses, the Mann–Whitney U test was adjusted when a grouping variable was dichotomous, or the Kruskal–Wallis H test was carried out when a grouping variable had more than two categories. To compare the frequencies of the two groups, Fisher’s exact test was used. A level of p < 0.05 was considered statistically significant.




3. Results


3.1. Characteristics of the Study Subjects


Eighty-two IBD patients participated in the study, including 42 women (51.2%) and 40 men (48.8%). Nearly half of the subjects had a university degree (48.8%) and more than half had a high school diploma (51.2%). One in five respondents smoked cigarettes (17.1%). The majority of the study participants received biological treatment (80.5%) or oral preparations of 5-aminosalicylic acid (78.0%), while one in three subjects took immunosuppressants (40.2%) and corticosteroids (30.5%). Thirty-seven patients (45.1%) reported vitamin and/or mineral supplement use. Seventeen subjects (35.4%) among the CD patients and seventeen subjects among the UC patients (50%) were in remission and reported having no disease symptoms (Table 1).




3.2. Energy and Macronutrients


Energy intake in the IBD group was insufficient and significantly lower than in the control group (1575.7 kcal vs. 1980.2 kcal, p < 0.001). There were no significant differences in energy intake between the CD and UC patients (1540.2 kcal vs. 1626.1 kcal, respectively, p = 0.0921). The composition of protein, fat and carbohydrate intake differed significantly between the IBD patients and the control group. The IBD patients were characterized by a significantly higher proportion of energy derived from carbohydrates than the healthy subjects (53.4% vs. 47.9%, p < 0.001). Additionally, the IBD patients were characterized by a significantly lower proportion of energy derived from protein (18.8% vs. 20.7%, p < 0.001) and fat (28.8% vs. 33.9%, p < 0.001) compared to the healthy controls. The percentage distribution of carbohydrates and fats in the dietary energy composition of the IBD patients was in line with the ESPEN guidelines (Table 2 and Table 3).



As for the total protein intake, a significantly lower intake was found in the group of IBD patients compared to the healthy subjects (70.5 g vs. 94.6 g, p < 0.001) and in CD patients compared to UC patients (65.5 g vs. 71.3 g, p < 0.05). Protein deficiencies were also significantly more common in the group of patients than among the healthy controls (9.8% vs. 5%, respectively, p < 0.01). Among the IBD patients, animal protein intake was found to be higher than plant protein intake (44.3 g vs. 27.2 g, respectively), while in the healthy group, plant and animal protein intake was balanced (45.1 g vs. 47.7 g, respectively).



The total fat intake was found to be significantly lower in the IBD group as compared to the healthy subjects (42.8 g vs. 77.9 g, p < 0.001). Additionally, there was a lower intake of SFAs, MUFAs and PUFAs in the patients compared to the healthy controls. In contrast, cholesterol intake in the IBD patients was not significantly different from in the healthy subjects (203.6 mg vs. 220.8 mg, respectively; p > 0.05).



There were no significant differences in the total carbohydrate intake in the IBD group compared to the healthy subjects (220.9 g vs. 255.3 g). However, there was a significantly lower fiber intake in the IBD patients compared to the healthy controls (14.7 g vs. 27.3 g, respectively; p < 0.001) and in CD patients compared to UC patients (10.1 g vs. 16.7 g, p < 0.05). There was more frequent fiber deficiency in the patients with IBD compared to the healthy subjects (85.4% vs. 20%, p < 0.001). Also, lactose intake was significantly lower among the IBD patients compared to controls (3.4 g vs. 12.5 g, respectively; p < 0.001) and among CD patients compared to UC patients (2.6 g vs. 3.4 g, p < 0.05). The IBD patients had a significantly lower intake of simple sugars (10.6 g vs. 15.4 g, respectively; p < 0.001) but a higher intake of sucrose (27.7 g vs. 20.3 g, respectively; p < 0.001).



The energy intake in the group of patients with active IBD was significantly lower than in the group of subjects in remission (1371.7 kcal vs. 1623.7 kcal, p < 0.001). The patients with active IBD compared to those in remission had a significantly higher proportion of energy derived from carbohydrates (55.4% vs. 49.4%; p < 0.001) but a lower proportion of energy derived from protein (15.8% vs. 22.5%; p < 0.001) (Table 4).



Regarding the total protein intake, a significantly lower consumption was observed in the group of patients with active IBD compared to those in remission (57.5 g vs. 75.5 g; p < 0.001). There were no significant differences between the patients with active disease and those in remission in terms of total fat, SFA, MUFA, PUFA, and cholesterol intake. No significant differences were found in the intake of total carbohydrates, simple sugars, sucrose, or starch in the patients with active IBD compared to those in remission. In contrast, there was a significantly lower intake of fiber in subjects with active IBD compared to those in remission (12.7 g vs. 17.1 g, respectively; p < 0.001).




3.3. Micronutrients


When comparing micronutrient intake, there were no significant differences found in the intake of vitamin B12, iron, magnesium, sodium and potassium between the patients and the healthy subjects. However, there was a significantly lower intake of folic acid (215.3 µg vs. 270.3 µg, respectively; p < 0.001) and vitamin D (2.4 µg vs. 5.6 µg, respectively; p < 0.001) among the IBD patients compared to the healthy subjects. Additionally, the IBD patients showed a significantly lower intake of calcium (527.9 mg vs. 902.5 mg; p < 0.001) and zinc (7.8 mg vs.9.8 mg; p < 0.001) compared to the control group (Table 2).



There were no significant differences found in micronutrient intake in the IBD patients in the periods of remission and symptom exacerbation and between CD and UC patients.




3.4. Product Groups


There was a significantly lower intake of all foodstuff groups in the patients compared to the healthy subjects, with the exception of red meat, poultry, fish and butter, whose intake did not differ significantly between the groups. Additionally, when assessing the intake of food groups against the recommended standard, the IBD patients were characterized by underconsumption of all food groups analyzed, except for the intake of red meat and poultry (Table 5).



When comparing the intake of food groups, significantly, a lower intake of lactose products and a higher intake of lactose-free products were found in CD patients compared to UC patients (Table 6).



When comparing the intake of food groups between the patients, significantly lower intakes of fruit, vegetables, whole grain cereal products, red meat, and poultry were found in the group of patients with symptom exacerbation compared to those in remission. In contrast, there were no differences in the intake of dry pulses, whole-grain cereal products, dairy products, edible fats, or sweets depending on disease activity (Table 7).




3.5. Mediterranean Diet Guidelines and European Dietary Guidelines for CVD Prevention


The mean MedDietScore in the IBD patients was 24.6 ± 6.7 points, indicating moderate adherence to the Mediterranean diet guidelines. This value was significantly lower than in the control group (30.2 ± 4.6 points; p < 0.05). The adherence to the dietary guidelines for the prevention of cardiovascular disease among the IBD patients was assessed at a mean level of 4.2 ± 1.7 points, which indicates insufficient implementation of these recommendations. This value was significantly lower than in the healthy group (6.1 ± 1.3 points; p < 0.05) (Table 4).



The mean MedDietScore in the IBD patients during symptom exacerbation was significantly lower than in those in remission (22.3 ± 5.2 points vs. 27.1 ± 6.1 points, respectively; p < 0.05). The mean adherence to dietary guidelines for cardiovascular disease prevention in the IBD patients during symptom exacerbation was significantly lower than in those in remission (3.5 ± 1.4 points vs. 4.7 ± 1.5 points, respectively; p < 0.05) (Table 5).





4. Discussion


The aim of this study was to quantitatively and qualitatively assess the diet of IBD patients. Energy and protein intake are key elements in restoring the normal nutritional status of these patients and the success of therapy. In our study, we demonstrated insufficient energy intake in the IBD patients, significantly lower than in the healthy group. The BMI of the IBD patients was not significantly lower than the controls despite their significantly lower caloric intake. A lower metabolic rate in IBD patients might be responsible for this discrepancy. Patients with IBD often stay on low-energy diets which may lead to a lower basal metabolic rate. Additionally, patients with symptom aggravation were characterized by a significantly lower energy intake than those in remission.



Similar data were obtained in several studies [51,52]. In a study by Szczuko et al., the authors reported insufficient energy intake in patients with CD and UC. Similarly to the results of our own study, a significantly lower intake was found in patients with active IBD compared to those in remission [51]. Similar data were obtained in a study by Konecka et al., in which insufficient energy intake was found in patients with CD [52]. Also, a 2021 meta-analysis of 19 studies on the diet of IBD patients showed insufficient energy intake in IBD patients with both UC and CD. The study showed a significant impact of disease activity on energy intake, with higher values recorded in patients in remission compared to individuals with active IBD [53]. Different data were obtained in a study by Peters et al., conducted in a group of nearly 500 IBD patients. It showed insufficient energy intake in patients with CD and UC. In contrast, this intake did not differ significantly between IBD patients and healthy subjects. Disease activity did not significantly change energy intake either [54]. Similarly, in a study by Karachaliaou et al., there were no differences in energy intake between IBD patients and healthy subjects. Disease activity did not affect dietary energy intake either [49].



Analysis focused on meeting the nutritional requirements found differences in protein intake, which, in our study, was significantly lower in the group of patients with IBD than in the control group. However, the mean dietary protein intake of IBD patients expressed in g/kg BW met the ESPEN recommendations, and a deficiency was found in only one in ten subjects. No significant differences were found between patients in remission and those with active IBD in terms of protein intake. The data on protein intake among IBD patients in the literature are inconclusive. In a study by Karachaliaou et al., the mean protein intake in a group of IBD patients was sufficient, in line with the ESPEN guidelines. However, as many as 40.5% of patients did not meet the ESPEN recommendations in terms of protein intake expressed in g/kg BW, indicating a wide variation in protein intake among the patient group studied. Furthermore, protein intake was significantly lower in patients with the active form of disease than in those in remission, which was not observed in our study [49]. In the study by Peters et al., the protein intake of patients with CD and UC was significantly lower than that of healthy subjects. Among the study group, animal protein intake predominated over plant protein intake. In contrast, there were no significant differences in protein intake depending on disease activity, as in our study [54].



According to the ESPEN guidelines, patients with active disease should have a higher protein intake, in the range of 1.2–1.5 g/kg BW/day [21], whereas in the general population, only 0.8–1.0 g/kg BW/day is recommended [47]. The higher intake results from compensating for protein losses due to, among others, inflammation in the gastrointestinal tract. Too low an intake of protein can lead to loss of muscle mass, a decline of which has been reported among patients following IBD diagnosis [55,56].



A very important issue is the origin of dietary protein. Guidelines for the general population recommend a balanced intake of protein of plant and animal origin, which is also reflected in recommendations for patients [21,47]. Protein of animal origin has a higher nutritional value as it contains all essential amino acids, allowing the full use of protein as building blocks. On the other hand, a high intake of protein, especially animal protein, can affect the composition of the intestinal microflora, thereby inducing dysbiosis and increasing the risk of IBD [57]. Among animal protein sources, a high consumption of meat and/or fish, but not eggs or dairy products, increases IBD risk [56]. Therefore, when advising IBD patients to increase their protein supply, attention should be paid to the source of the protein [56,57].



In our study, the IBD patients were characterized by a high intake of total carbohydrates and their high share in dietary energy composition. There was a significantly higher proportion of sucrose and a lower proportion of fiber in the diet of the IBD patients compared to the healthy subjects. Additionally, patients with symptom exacerbation showed a lower fiber intake, compared to those in remission. Similar data were obtained in other studies. A study by Karachaliaou et al. reported a lower-than-recommended intake of total carbohydrates in patients with CD. This was accompanied by a high intake of simple sugars and sucrose, and a low fiber intake, which was also confirmed in our own study [49]. In a study by Peters et al., carbohydrate intake in a group of IBD patients was in line with the recommendations and did not differ significantly either between patients and healthy controls or between patients with active disease and those in remission [54]. In contrast, a meta-analysis of data on fiber intake among IBD patients conducted in 2021 found that most of the studies analyzed confirmed a lower fiber intake in IBD patients compared to healthy subjects, who did not follow generally accepted recommendations. However, the effect of disease type, its course and activity on dietary fiber intake in IBD patients remains controversial [53].



We found a significantly lower intake of total fats, MUFAs, PUFAs and SFAs in the IBD patients compared to the healthy subjects. In contrast, the percentage of fats in the patients’ diets was in line with the ESPEN guidelines. There were no significant differences in fat intake depending on disease activity. In a study by Karachaliou et al., the intake of total fat, MUFAs, PUFAs and SFAs was significantly higher in a group of IBD patients than in our study. However, similarly to our study, fat intake did not differ between patients with active IBD and those in remission [49]. In a study by Peters et al., total fat intake in patients with IBD was higher than in our study, and it did not differ significantly between patients and healthy controls. The study showed no differences in fat intake between patients with active IBD and those in remission [54]. A study by Opstelten et al. found a significantly lower intake of total fat, MUFAs and PUFAs in IBD patients compared to healthy subjects. In turn, it showed a significantly lower fat and PUFA intake in patients during IBD symptom exacerbation than during remission [58].



The low intake of certain nutrients, such as fiber, lactose, calcium and vitamin D, observed in our study was reflected in the reduced consumption of selected food groups by IBD patients. In our study, we found insufficient and significantly lower intakes of all products, except red meat and poultry, than in the control group. Our results support the assumption that dietary restrictions and elimination diets are implemented by these patients, not only during exacerbation periods, but also in remission, for fear of aggravation of disease symptoms. The greatest disproportions in the intake of food groups between the patients and healthy subjects were observed for dairy products and high-fiber products (fruit, vegetables, whole-grain cereal products). Similar studies assessed consumption of selected food groups by IBD patients. The study by Peters et al. found a significantly lower intake of milk and dairy products in CD patients as compared to healthy subjects. Additionally, the authors of the study noted a significantly lower intake of whole-grain cereal products in UC patients, which was in line with our results [54]. A study by Karachaliou et al. reported an insufficient intake of dairy products among IBD patients. Also, the authors showed a significantly lower intake of dairy products in patients with active IBD compared to those in remission. As for grain foods, the authors reported a sufficient intake in IBD patients. However, they noted a very low intake of whole-grain cereal products compared to those made from refined flour. Additionally, a significantly lower consumption of these foods was noted in patients with active IBD compared to those in remission [49]. Similarly, a study by Opstelten et al. found a significantly lower intake of dairy products among IBD patients compared to healthy individuals. Additionally, the study also showed a reduction in the intake of whole-grain cereal products, vegetables and fruit in these patients as compared to individuals without IBD [59]. In contrast, in a study by Xu et al., the authors noted no differences in the consumption of milk and dairy products between IBD patients and healthy people. The intake of whole-grain cereal products, vegetables and fruit was also similar for IBD patients and healthy subjects [60].



In our study, the IBD patients restricted all food groups except meat and poultry. This is consistent with data on protein intake, which was adequate in this group. Of the other food groups, dairy, whole-grain cereal products, vegetables, and fruit were restricted to the greatest extent. The consequences of food elimination are nutrient deficiencies, such as calcium and dietary fiber, as demonstrated in our study.



In the following section, we examined the compliance of IBD patients’ dietary preferences with the recommendations of the Mediterranean diet. According to the ESPEN guidelines, the Mediterranean diet model, which includes consumption of fruit, vegetables, whole-grain cereal products, legumes and nuts, and a reduction in saturated fatty acids of animal origin and sugars, is recommended for IBD patients, particularly those in remission [27]. For this reason, our study assessed the patients’ dietary compliance with the recommendations of the Mediterranean diet, particularly since this is also the dietary model promoted by international guidelines for the general population as well [47,61]. In our study, based on the MedDietScore, we showed moderate adherence to the Mediterranean diet recommendations among the IBD patients. We observed a significantly lower rate in the patient group compared to the healthy subjects. Additionally, the MedDietScore was significantly lower in patients with active IBD compared to those in clinical remission. In a study by Karachaliaou et al., patients with IBD were characterized by moderate adherence to the Mediterranean diet, and the MedDietScore was significantly higher among patients in remission [49]. Adherence to the Mediterranean pattern was also assessed in a study by Marsh et al., which focused on eating behaviors among patients with IBD. It showed a low adherence to the recommendations of the Mediterranean diet [62]. Similarly, a study by Taylor et al. conducted in a group of patients with CD also demonstrated non-adherence to the Mediterranean dietary model. Patients mainly abstained from the consumption of fresh fruit, vegetables and dry pulses [63]. A study by Vrojdak et al. assessed adherence to the Mediterranean diet recommendations with the use of the Mediterranean Diet Service Score. It showed insufficient adherence to these guidelines in the majority of IBD patients. They most frequently gave up olive oil, vegetables and fruit [39].



The reluctance to consume fruit, vegetables and legumes observed in patients with IBD, caused by the fear of symptom exacerbation and the hope of sustaining remission, contributes to nutritional deficiencies, as shown in studies [64,65,66,67]. This undoubtedly has an impact on the shift away from the Mediterranean pattern observed over the past decade or so, even in the Mediterranean populations. It is related to the general westernization of life, as reported in many studies [68,69,70]. Therefore, nutritional education and dietary counseling should be implemented among IBD patients, according to the current guidelines.



Considering the persistent inflammation in IBD patients, and thus the increased risk of cardiovascular disease (CVD), our study assessed adherence to dietary guidelines in primary CVD prevention. We demonstrated insufficient adherence to the ESC dietary recommendations in IBD patients. Similar data have been obtained in other works which indicate that the elements of the so-called Western diet play a large part in the dietary preferences of IBD patients. A study by Karachaliaou et al. assessed the implementation of the ESC recommendations in a group of CD patients. The authors of the study reported implementation of these guidelines at a moderate level, which is similar to the results obtained in our own study [49]. A study by Fu et al. examined the association between adherence to dietary recommendations for the prevention of cardiovascular diseases and the risk of IBD. The authors of the study showed a lower risk of IBD in those who followed the ESC dietary recommendations [71].



An important part of the discussion on chronic inflammation and CVD risk is the impact of anti-inflammatory treatment, which probably provides better control and reduces the risk of cardiovascular incidents in IBD patients. A study by Paschou et al. observed a decrease in insulin levels and HOMA-IR in IBD patients after six months of biological treatment [72]. These data suggest that clinical treatment of IBD, apart from reducing inflammation, promotes the control of CVD risk factors, thereby reducing the overall risk of cardiovascular incidents. These data, however, require further study.



Our study showed differences in standard energy, nutrient and food intake between healthy individuals and IBD patients. Our results clearly indicate that IBD patients implement food restrictions, both during exacerbations of disease symptoms and in remission. The most commonly eliminated foods were milk and dairy products, as well as high-fiber foods such as whole-grain bakery products, vegetables and fruit. The consequence of these dietary behaviors is an insufficient intake of energy, nutrients and dietary fiber, as confirmed in our study. Additionally, poor adherence to Mediterranean dietary recommendations, as well as recommendations for CVD prevention, is part of a dietary pattern that contributes to increased inflammation, which, in the case of IBD patients, worsens prognosis and hinders treatment success.



Our study has some limitations. It is a single-center study that was conducted in a relatively small group of patients. Data on food intake and food preferences were collected only once. For this reason, they did not allow for differences resulting from the variability of seasons and access to selected products and could not assess the effect of disease stage on intake in each patient. The study was based on questionaries and the mean value of nutrients and vitamins was calculated based on questionaries, not measured parameters, e.g., in blood or urine.




5. Conclusions


Our study showed an inadequate intake of energy and most nutrients and fiber in IBD patients. Disease activity was a parameter that affected the quality and quantity of intake, but even during the remission period, the subjects’ diets did not meet the dietary recommendations. Additionally, inadequate adherence to the Mediterranean diet and dietary recommendations for CVD prevention exposes this population to the risk of other diseases.



The conducted study indicates the need for routine assessment of dietary intake and nutrition among IBD patients, as well as potential dietary interventions aimed at improving the energy and nutritional quality of diet in order to optimize treatment outcomes and prevent the development of accompanying diseases.







Author Contributions


Conceptualization, E.M.-W. and M.G.; methodology, E.M.-W. and M.G.; software, E.G.; M.G. and K.W.; validation, M.G. formal analysis, E.M.-W. and M.G.; investigation, M.G.; resources, M.G. and E.G.; data curation, M.G. and K.W.; writing—original draft preparation, M.G.; writing—review and editing, M.G. and E.M.-W.; supervision, M.G., E.G. and E.M.-W. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by grant No. 503/1-002-01/503-11-001-19-00 from the Medical University of Lodz, Poland.




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and approved by the Bioethics Committee of the Medical University of Lodz (No. RNN/70/22/KE, 14 June 2022).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Kaplan, G.G. The global burden of IBD: From 2015 to 2025. Nat. Rev. Gastroenterol. Hepatol. 2015, 12, 720–727. [Google Scholar] [CrossRef]

	



Gentschew, L.; Ferguson, L.R. Role of nutrition and microbiota in susceptibility to inflammatory bowel diseases. Mol. Nutr. Food. Res. 2012, 56, 524–535. [Google Scholar] [CrossRef]

	



David, L.A.; Maurice, C.F.; Carmody, R.N.; Gootenberg, D.B.; Button, J.E.; Wolfe, B.E.; Ling, A.V.; Devlin, A.S.; Varma, Y.; Fischbach, M.A.; et al. Diet rapidly and reproducibly alters the human gut microbiome. Nature 2014, 505, 559–563. [Google Scholar] [CrossRef]

	



Hold, G.L. Western lifestyle: A “master” manipulator of the intestinal microbiota? Gut 2014, 63, 5–6. [Google Scholar] [CrossRef]

	



Sartor, R.B. Key questions to guide a better understanding of host-commensal microbiota interactions in intestinal inflammation. Mucosal. Immunol. 2011, 4, 127–132. [Google Scholar] [CrossRef]

	



Ng, S.C.; Bernstein, C.N.; Vatn, M.H.; Lakatos, P.L.; Loftus, E.V.; Tysk, C.; O’Morain, C.; Moum, B.; Colombel, J.F. Geographical variability and environmental risk factors in inflammatory bowel disease. Gut 2013, 62, 630–649. [Google Scholar] [CrossRef]

	



O’Toole, A.; Korzenik, J. Environmental Triggers for IBD. Curr. Gastroenterol. Rep. 2014, 16, 396. [Google Scholar] [CrossRef]

	



Cashman, K.D.; Shanahan, F. Is nutrition an aetiological factor for inflammatory bowel disease? Eur. J. Gastroenterol. Hepatol. 2003, 15, 607–613. [Google Scholar] [CrossRef]

	



Christ, A.; Latz, E. The Western lifestyle has lasting effects on metaflammation. Nat. Rev. Immunol. 2019, 19, 267–268. [Google Scholar] [CrossRef]

	



Rajendran, N.; Kumar, D. Role of diet in the management of inflammatory bowel disease. World. J. Gastroenterol. 2010, 16, 1442–1448. [Google Scholar] [CrossRef]

	



Vagianos, K.; Sexton, K.; Bernstein, M.; Hu, P.; Zhao, K.; Berstein, C.N.; Targownik, L. Dietary lactose consumption is associated with both increased symptoms and intestinal inflammation in IBD. Gastroenterology 2016, 150, S41–S42. [Google Scholar] [CrossRef]

	



Ananthakrishnan, A.N.; Khalili, H.; Konijeti, G.G.; Higuchi, L.M.; deSilva, P.; Korzenik, J.R.; Fuchs, C.S.; Willett, W.C.; Richter, J.M.; Chan, A.T. A Prospective study of long-term intake of dietary fiber and risk of crohn’s disease and ulcerative colitis. Gastroenterology 2013, 145, 970–977. [Google Scholar] [CrossRef]

	



Ananthakrishnan, A.N.; Khalili, H.; Song, M.; Higuchi, L.M.; Richter, J.M.; Chan, A.T. Zinc intake and risk of Crohn’s disease and ulcerative colitis: A prospective cohort study. Leuk. Res. 2015, 44, 1995–2005. [Google Scholar] [CrossRef]

	



Owczarek, D.; Rodacki, T.; Domagała-Rodacka, R.; Cibor, D.; Mach, T. Diet and nutritional factors in inflammatory bowel diseases. World. J. Gastroenterol. 2016, 22, 895–905. [Google Scholar] [CrossRef]

	



Octoratou, M.; Merikas, E.; Malgarinos, G.; Stanciu, C.; Triantafillidis, J.K. A prospective study of pre-illness diet in newly diagnosed patients with Crohn’s disease. Rev. Med. Chir. Soc. Med. Nat. Iasi. 2012, 116, 40–49. [Google Scholar]

	



Hansen, T.S.; Jess, T.; Vind, I.; Elkjaer, M.; Nielsen, M.F.; Gamborg, M.; Munkholm, P. Environmental factors in inflammatory bowel disease: A case-control study based on a Danish inception cohort. J. Crohns. Colitis. 2011, 5, 577–584. [Google Scholar] [CrossRef]

	



Ripoli, J.; Miszputen, S.J.; Ambrogini, O.; De Carvalho, L. Nutritional follow-up of patients with ulcerative colitis during periods of intestinal inflammatory activity and remission. Arq. Gastroenterol. 2010, 47, 49–55. [Google Scholar] [CrossRef]

	



Pugazhendhi, S.; Sahu, M.K.; Subramanian, V.; Pulimood, A.; Ramakrishna, B.S. Environmental factors associated with Crohn’s disease in India. Indian J. Gastroenterol. 2011, 30, 264–269. [Google Scholar] [CrossRef]

	



Amre, D.K.; D’Souza, S.; Morgan, K.; Seidman, G.; Lambrette, P.; Grimard, G.; Israel, D.; Mack, D.; Ghadirian, P.; Deslandres, C.; et al. Imbalances in dietary consumption of fatty acids, vegetables, and fruits are associated with risk for Crohn’s disease in children. Am. J. Gastroenterol. 2007, 102, 2016–2025. [Google Scholar] [CrossRef]

	



Loftus, E.V. Clinical epidemiology of inflammatory bowel disease: Incidence, prevalence, and environmental influences. Gastroenterology 2004, 126, 1504–1517. [Google Scholar] [CrossRef]

	



Forbes, A.; Escher, J.; Hebuterne, X.; Klek, S.; Krznaric, Z.; Schneider, S.; Shamir, R.; Stardelova, K.; Wierdsma, N.; Wiskin, A.E.; et al. ESPEN guideline: Clinical nutrition in inflammatory bowel disease. Clin. Nutr. 2016, 36, 321–347. [Google Scholar] [CrossRef]

	



Hou, J.K.; Abraham, B.; El-Serag, H. Dietary intake and risk of developing inflammatory bowel disease: A systematic review of the literature. Am. J. Gastroenterol. 2011, 106, 563–573. [Google Scholar] [CrossRef]

	



Lautenschlager, S.A.; Barry, M.P.; Rogler, G.; Biedermann, L.; Schreiner, P.; Siebenhüner, A.R.; Abdelrahman, K.; Ademi, G.; Aepli, P.; Thomas, A.; et al. Lifestyle factors associated with inflammatory bowel disease: Data from the Swiss IBD cohort study. BMC Gastroenterol. 2023, 23, 71. [Google Scholar] [CrossRef]

	



Saha, S.; Patel, N. What Should I Eat? Dietary recommendations for patients with inflammatory bowel disease. Nutrients 2023, 15, 896. [Google Scholar] [CrossRef]

	



Cohen, A.B.; Lee, D.; Long, M.D.; Kappelman, M.D.; Martin, C.F.; Sandler, R.S.; Lewis, J.D. Dietary patterns and self-reported associations of diet with symptoms of inflammatory bowel disease. Dig. Dis. Sci. 2013, 58, 1322–1328. [Google Scholar] [CrossRef]

	



Zallot, C.; Quilliot, D.; Chevaux, J.B.; Peyrin-Biroulet, C.; Guéant-Rodriguez, R.M.; Freling, E.; Collet-Fenetrier, B.; Williet, N.; Ziegler, O.; Bigard, M.A.; et al. Dietary beliefs and behavior among inflammatory bowel disease patients. Inflamm. Bowel. Dis. 2013, 19, 66–72. [Google Scholar] [CrossRef]

	



Vagianos, K.; Shafer, L.A.; Witges, K.; Graff, L.A.; Targownik, L.E.; Bernstein, C.N. Self-reported flares among people living with inflammatory bowel disease are associated with stress and worry but not associated with recent diet changes: The Manitoba Living with IBD Study. J. Parenter. Enteral. Nutr. 2022, 46, 1686–1698. [Google Scholar] [CrossRef]

	



Vernia, P.; Loizos, P.; Di Giuseppantonio, I.; Amore, B.; Chiappini, A.; Cannizzaro, S. Dietary calcium intake in patients with inflammatory bowel disease. J. Crohn’s Colitis 2014, 8, 312–317. [Google Scholar] [CrossRef]

	



Campmans-Kuijpers, M.J.E.; Dijkstra, G. Food and Food Groups in Inflammatory Bowel Disease (IBD): The Design of the Groningen Anti-Inflammatory Diet (GrAID). Nutrients 2021, 13, 1067. [Google Scholar] [CrossRef]

	



de Castro, M.M.; Pascoal, L.B.; Steigleder, K.M.; Siqueira, B.P.; Corona, L.P.; Ayrizono, M.L.S.; Milanski, M.; Leal, R.F. Role of diet and nutrition in inflammatory bowel disease. World J. Exp. Med. 2021, 11, 1–16. [Google Scholar] [CrossRef]

	



Myklebust-Hansen, T.; Aamodt, G.; Haugen, M.; Brantsæter, A.L.; Vatn, M.H.; Bengtson, M.B. Dietary Patterns in women with Inflammatory Bowel Disease and Risk of Adverse Pregnancy Outcomes: Results from The Norwegian Mother and Child Cohort Study (MoBa). Inflamm. Bowel Dis. 2017, 24, 12–24. [Google Scholar] [CrossRef]

	



Lo, C.H.; Lochhead, P.; Khalili, H.; Song, M.; Tabung, F.K.; Burke, K.E.; Richter, J.M.; Giovannucci, E.L.; Chan, A.T.; Ananthakrishnan, A.N. Dietary Inflammatory Potential and Risk of Crohn’s Disease and Ulcerative Colitis. Gastroenterology 2020, 159, 873–883.e1. [Google Scholar] [CrossRef]

	



Fiorindi, C.; Dinu, M.; Gavazzi, E.; Scaringi, S.; Ficari, F.; Nannoni, A.; Sofi, F.; Giudici, F. Adherence to mediterranean diet in patients with inflammatory bowel disease. Clin. Nutr. ESPEN 2021, 46, 416–423. [Google Scholar] [CrossRef]

	



Khalili, H.; Håkansson, N.; Chan, S.S.; Chen, Y.; Lochhead, P.; Ludvigsson, J.F.; Chan, A.T.; Hart, A.R.; Olén, O.; Wolk, A. Adherence to a Mediterranean diet is associated with a lower risk of later-onset Crohn’s disease: Results from two large prospective cohort studies. Gut 2020, 69, 1637–1644. [Google Scholar] [CrossRef]

	



Papada, E.; Amerikanou, C.; Forbes, A.; Kaliora, A.C. Adherence to Mediterranean diet in Crohn’s disease. Eur. J. Nutr. 2020, 59, 1115–1121. [Google Scholar] [CrossRef]

	



Vrdoljak, J.; Vilović, M.; Živković, P.M.; Tadin Hadjina, I.; Rušić, D.; Bukić, J.; Borovac, J.A.; Božić, J. Mediterranean Diet Adherence and Dietary Attitudes in Patients with Inflammatory Bowel Disease. Nutrients 2020, 12, 3429. [Google Scholar] [CrossRef]

	



Xu, F.; Park, S.; Liu, Y.; Greenlund, K.J. Dietary intake patterns among adults with inflammatory bowel disease in the United States, 2015. PLoS ONE 2021, 16, e0250441. [Google Scholar] [CrossRef]

	



Panhwar, M.S.; Mansoor, E.; Al-Kindi, S.G.; Sinh, P.; Katz, J.; Oliveira, G.H.; Cooper, G.S.; Ginwalla, M. Risk of Myocardial Infarction in Inflammatory Bowel Disease: A Population-based National Study. Inflamm. Bowel Dis. 2019, 25, 1080–1087. [Google Scholar] [CrossRef]

	



Kristensen, S.L.; Ahlehoff, O.; Lindhardsen, J.; Erichsen, R.; Jensen, G.V.; Torp-Pedersen, C.; Nielsen, O.H.; Gislason, G.H.; Hansen, P.R. Disease activity in inflammatory bowel disease is associated with increased risk of myocardial infarction, stroke and cardiovascular death--a Danish nationwide cohort study. PLoS ONE 2013, 8, e56944. [Google Scholar] [CrossRef]

	



Jaiswal, V.; Batra, N.; Dagar, M.; Butey, S.; Huang, H.; Chia, J.E.; Naz, S.; Endurance, E.O.; Raj, N.; Patel, S.; et al. Inflammatory bowel disease and associated cardiovascular disease outcomes: A systematic review. Medicine 2023, 102, e32775. [Google Scholar] [CrossRef] [PubMed]

	



Singh, S.; Singh, H.; Loftus, E.V.; Pardi, D.S. Risk of cerebrovascular accidents and ischemic heart disease in patients with inflammatory bowel disease: A systematic review and meta-analysis. Clin. Gastroenterol. Hepatol. 2014, 12, 382–393.e1, quiz e22. [Google Scholar] [CrossRef] [PubMed]

	



Godala, M.; Gaszyńska, E.; Durko, Ł.; Małecka-Wojciesko, E. Dietary Behaviors and Beliefs in Patients with Inflammatory Bowel Disease. J. Clin. Med. 2023, 12, 3455. [Google Scholar] [CrossRef] [PubMed]

	



Godala, M.; Gaszyńska, E.; Walczak, K.; Małecka-Wojciesko, E. Role of Serum Interleukin-6, Interleukin-1β and Interleukin-10 in Assessment of Disease Activity and Nutritional Status in Patients with Inflammatory Bowel Disease. J. Clin. Med. 2023, 12, 5956. [Google Scholar] [CrossRef]

	



Godala, M.; Gaszyńska, E.; Walczak, K.; Małecka-Wojciesko, E. Evaluation of Albumin, Transferrin and Transthyretin in Inflammatory Bowel Disease Patients as Disease Activity and Nutritional Status Biomarkers. Nutrients 2023, 15, 3479. [Google Scholar] [CrossRef] [PubMed]

	



Gajendran, M.; Loganathan, P.; Catinella, A.P.; Hashash, J.G. A comprehensive review and update on Crohn’s disease. Dis. Mon. 2018, 64, 20–57. [Google Scholar] [CrossRef] [PubMed]

	



Glinkowski, S.; Marcinkowska, D. Ulcerative colitis: Assessment of disease activity based on contemporary scales. New Med. 2018, 25, 123–137. [Google Scholar] [CrossRef]

	



Jarosz, M.; Rychlik, E.; Stoś, K.; Charzewska, J. Normy Żywienia dla Populacji Polski i ich Zastosowanie; Instytut Żywności i Żywienia: Warsaw, Poland, 2020. [Google Scholar]

	



Panagiotakos, D.B.; Pitsavos, C.; Stefanadis, C. Dietary patterns: A Mediterranean diet score and its relation to clinical and biological markers of cardiovascular disease risk. Nutr. Metab. Cardiovasc. Dis. 2006, 16, 559–568. [Google Scholar] [CrossRef]

	



Karachaliou, A.; Yannakoulia, M.; Bletsa, M.; Mantzaris, G.J.; Archavlis, E.; Karampekos, G.; Tzouvala, M.; Bamias, G.; Kokkotis, G.; Kontogianni, M.D. Assessment of Dietary Adequacy and Quality in a Sample of Patients with Crohn’s Disease. Nutrients 2022, 14, 5254. [Google Scholar] [CrossRef]

	



Jaarsma, T.; Hill, L.; Bayes-Genis, A.; La Rocca, H.B.; Castiello, T.; Čelutkienė, J.; Marques-Sule, E.; Plymen, C.M.; Piper, S.E.; Riegel, B.; et al. Self-care of heart failure patients: Practical management recommendations from the Heart Failure Association of the European Society of Cardiology. Eur. J. Heart Fail. 2021, 23, 157–174. [Google Scholar] [CrossRef]

	



Szczuko, M.; Konecka, N.; Kikut, J.; Klimczyk, W. Diet of teenagers with ulcerative colitis, Crohn’s disease and coeliac disease versus their blood morphology. Pomeranian J. Life Sci. 2017, 63, 67–76. [Google Scholar]

	



Konecka, N.; Kikut, J.; Szczuko, M. Quantitative assessment of nutrition and nutritional status of patients with Crohn’s disease aged 13–18. Pomeranian J. Life Sci. 2020, 66, 36–42. [Google Scholar] [CrossRef]

	



Day, A.S.; Davis, R.; Costello, S.P.; Yao, C.K.; Andrews, J.M.; Bryant, R.V. The Adequacy of Habitual Dietary Fiber Intake in Individuals With Inflammatory Bowel Disease: A Systematic Review. J. Acad. Nutr. Diet. 2021, 121, 688–708.e3. [Google Scholar] [CrossRef] [PubMed]

	



Peters, V.; Tigchelaar-Feenstra, E.F.; Imhann, F.; Dekens, J.A.M.; Swertz, M.A.; Franke, L.H.; Wijmenga, C.; Weersma, R.K.; Alizadeh, B.Z.; Dijkstra, G.; et al. Habitual dietary intake of IBD patients differs from population controls: A case-control study. Eur. J. Nutr. 2021, 60, 345–356. [Google Scholar] [CrossRef]

	



Bryant, E.J.; Malik, M.S.; Whitford-Bartle, T.; Waters, G.M. The effects of bariatric surgery on psychological aspects of eating behaviour and food intake in humans. Appetite 2020, 150, 104575. [Google Scholar] [CrossRef] [PubMed]

	



Bryant, R.V.; Trott, M.J.; Bartholomeusz, F.D.; Andrews, J.M. Systematic review: Body composition in adults with inflammatory bowel disease. Aliment. Pharmacol. Ther. 2013, 38, 213–225. [Google Scholar] [CrossRef] [PubMed]

	



Albenberg, L.G.; Lewis, J.D.; Wu, G.D. Food and the gut microbiota in inflammatory bowel diseases: A critical connection. Curr. Opin. Gastroenterol. 2012, 28, 314–320. [Google Scholar] [CrossRef]

	



Opstelten, J.L.; de Vries, J.H.M.; Wools, A.; Siersema, P.D.; Oldenburg, B.; Witteman, B.J.M. Dietary intake of patients with inflammatory bowel disease: A comparison with individuals from a general population and associations with relapse. Clin. Nutr. 2019, 38, 1892–1898. [Google Scholar] [CrossRef]

	



Opstelten, J.L.; Chan, S.S.M.; Hart, A.R.; van Schaik, F.D.M.; Siersema, P.D.; Lentjes, E.G.W.M.; Khaw, K.T.; Luben, R.; Key, T.J.; Boeing, H.; et al. Prediagnostic Serum Vitamin D Levels and the Risk of Crohn’s Disease and Ulcerative Colitis in European Populations: A Nested Case-Control Study. Inflamm. Bowel Dis. 2018, 24, 633–640. [Google Scholar] [CrossRef]

	



Xu, L.; Lochhead, P.; Ko, Y.; Claggett, B.; Leong, R.W.; Ananthakrishnan, A.N. Systematic review with meta-analysis: Breastfeeding and the risk of Crohn’s disease and ulcerative colitis. Aliment. Pharmacol. Ther. 2017, 46, 780–789. [Google Scholar] [CrossRef]

	



Chicco, F.; Magrì, S.; Cingolani, A.; Paduano, D.; Pesenti, M.; Zara, F.; Tumbarello, F.; Urru, E.; Melis, A.; Casula, L.; et al. Multidimensional Impact of Mediterranean Diet on IBD Patients. Inflamm. Bowel Dis. 2021, 27, 1–9. [Google Scholar] [CrossRef]

	



Marsh, A.; Rindfleish, S.; Bennett, K.; Croft, A.; Chachay, V. Outcomes of dietary management approaches in active ulcerative colitis: A systematic review. Clin. Nutr. 2022, 41, 298–306. [Google Scholar] [CrossRef]

	



Taylor, L.; Almutairdi, A.; Shommu, N.; Fedorak, R.; Ghosh, S.; Reimer, R.A.; Panaccione, R.; Raman, M. Cross-Sectional Analysis of Overall Dietary Intake and Mediterranean Dietary Pattern in Patients with Crohn’s Disease. Nutrients 2018, 10, 1761. [Google Scholar] [CrossRef] [PubMed]

	



Kamp, K.J.; Pennings, B.; Javelli, D.; Wyatt, G.; Given, B. Dietary patterns, beliefs and behaviours among individuals with inflammatory bowel disease: A cross-sectional study. J. Hum. Nutr. Diet. 2021, 34, 257–264. [Google Scholar] [CrossRef]

	



Marsh, A.; Kinneally, J.; Robertson, T.; Lord, A.; Young, A.; Radford-Smith, G. Food avoidance in outpatients with Inflammatory Bowel Disease—Who, what and why. Clin. Nutr. ESPEN 2019, 31, 10–16. [Google Scholar] [CrossRef]

	



Kinsey, L.; Burden, S. A survey of people with inflammatory bowel disease to investigate their views of food and nutritional issues. Eur. J. Clin. Nutr. 2016, 70, 852–854. [Google Scholar] [CrossRef]

	



Fiorindi, C.; Russo, E.; Balocchini, L.; Amedei, A.; Giudici, F. Inflammatory Bowel Disease and Customized Nutritional Intervention Focusing on Gut Microbiome Balance. Nutrients 2022, 14, 4117. [Google Scholar] [CrossRef] [PubMed]

	



Laing, B.B.; Lim, A.G.; Ferguson, L.R. A Personalised Dietary Approach—A Way Forward to Manage Nutrient Deficiency, Effects of the Western Diet, and Food Intolerances in Inflammatory Bowel Disease. Nutrients 2019, 11, 1532. [Google Scholar] [CrossRef]

	



Benninghoff, A.D.; Hintze, K.J.; Monsanto, S.P.; Rodriguez, D.M.; Hunter, A.H.; Phatak, S.; Pestka, J.J.; Van Wettere, A.J.; Ward, R.E. Consumption of the Total Western Diet Promotes Colitis and Inflammation-Associated Colorectal Cancer in Mice. Nutrients 2020, 12, 544. [Google Scholar] [CrossRef]

	



Chiba, M.; Nakane, K.; Komatsu, M. Westernized Diet is the Most Ubiquitous Environmental Factor in Inflammatory Bowel Disease. Perm. J. 2019, 23, 18–107. [Google Scholar] [CrossRef]

	



Fu, T.; Ye, S.; Sun, Y.; Dan, L.; Wang, X.; Chen, J. Greater Adherence to Cardioprotective Diet Can Reduce Inflammatory Bowel Disease Risk: A Longitudinal Cohort Study. Nutrients 2022, 14, 4058. [Google Scholar] [CrossRef]

	



Paschou, S.A.; Kothonas, F.; Lafkas, A.; Myroforidis, A.; Loi, V.; Terzi, T.; Karagianni, O.; Poulou, A.; Goumas, K.; Vryonidou, A. Favorable Effect of Anti-TNF Therapy on Insulin Sensitivity in Nonobese, Nondiabetic Patients with Inflammatory Bowel Disease. Int. J. Endocrinol. 2018, 2018, 6712901. [Google Scholar] [CrossRef] [PubMed]








 





Table 1. General characteristics of study participants.






Table 1. General characteristics of study participants.





	

	
IBD

N(%)/Mean ± SD

	
Controls

N(%)/Mean ± SD






	
CD

	
48 (58.5)

	
-




	
UC

	
34 (41.5)

	
-




	
Age (years)

	
38.1 ± 11.6

	
35.6 ± 8.2




	
Female

	
42 (51.2)

	
43 (53.8)




	
Level of education

	

	




	
Secondary

	
42 (51.2)

	
24 (30) *




	
High

	
40 (48.8)

	
56 (70) *




	
Work status

	

	




	
Full time job

	
70 (85.4)

	
69 (86.3)




	
Part time job

	
10 (12.2)

	
8 (10)




	
Unemployed

	
2 (2.4)

	
3 (3.7)




	
Disease duration (years)

	
8.4 ± 5.7

	
-




	
Anthropometry




	
BMI (kg/m2)

	
24.23 ± 4.76

	
25.87 ± 3.82




	
Waist circumference (cm)

	
88.88 ± 14.54

	
87.81 ± 9.12




	
Fatty tissue (%)

	
27.1 ± 9.6

	
32.9 ± 8.4 *




	
Medications




	
Biological therapy

	
66 (80.5)

	
-




	
Immunosuppression

	
33 (40.2)

	
-




	
Steroids

	
25 (30.5)

	
-




	
5-ASA

	
64 (78.0)

	
-




	
Vitamins or/and minerals supplements

	
37 (45.1)

	
35 (43.75)




	
Disease activity




	
UC Partial Mayo Score (0/1/2/3)

	
17 (50.0)/0 (0)/11 (32.4)/6 (17.6)

	
-




	
CDAI (0/1/2/3)

	
17 (35.4)/10 (20.9)/17 (35.4)/4 (8.3)

	
-








* p < 0.05, IBD vs. controls.













 





Table 2. Energy and nutrient intake by study participants.
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Nutrient

	
Guidelines [21,47]

Female/Male

	
IBD

Mean ± SD/n (%)

	
Controls

Mean ± SD/n (%)






	
Energy (kcal)

	
2000 kcal/2500 kcal

	
1575.7 ± 302.5

	
1980.2 ± 368.4 *




	
% Calories from carbohydrates

	
45–60%

	
53.4 ± 9.1

	
47.9 ± 7.1




	
% Calories from fats

	
20–35%

	
28.8 ± 5.4

	
33.9 ± 6.2 *




	
% Calories from proteins

	

	
18.8 ± 4.2

	
20.7 ± 3.1 *




	
Macronutrients




	
Fat (g)

	

	
42.8 ± 9.6

	
77.9 ± 20.1 *




	
SFA (g)

	
As low as possible

	
17.7 ± 1.9

	
32.1 ± 14.9 *




	
MUFA (g)

	

	
14.3 ± 3.5

	
33.6 ± 15.7 *




	
PUFA (g)

	

	
5.4 ± 1.5

	
13.0 ± 5.7 *




	
Cholesterol (mg)

	

	
203.6 ± 25.1

	
220.8 ± 21.7




	
Protein (g)

	

	
70.5 ± 8.7

	
94.6 ± 27.3 *




	
Protein (g/kg BW)

	
Active disease 1.2–1.5 g/kg BW;

Remission 1 g/kg BW

	
1.2

	
1.6 *




	
Protein intake lower than recommended (%)

	

	
8 (9.8)

	
4 (5) *




	
Animal protein (g)

	

	
44.3 ± 4.3

	
45.1 ± 4.8




	
Plant protein (g)

	

	
27.2 ± 4.1

	
47.7 ± 3.9 *




	
Carbohydrates (g)

	

	
220.9 ± 56.2

	
255.3 ± 72.2




	
Fiber (g)

	
Active disease reduction;

Remission 25 g/day

	
14.7 ± 6.5

	
27.3 ± 7.1 *




	
Fiber intake lower than recommended (%)

	

	
70 (85.4)

	
20 (25) *




	
Simple sugars (g)

	
As low as possible

	
10.6 ± 4.8

	
15.4 ± 6.1 *




	
Lactose (g)

	

	
3.4 ± 1.1

	
12.5 ± 3.2 *




	
Sucrose (g)

	
As low as possible

	
27.7 ± 5.6

	
20.3 ± 5.8 *




	
Starch (g)

	

	
130.7 ± 33.6

	
140.6 ± 27.2




	
Micronutrients




	
Dietary folate equivalents (µg)

	
400

	
215.5 ± 44.2

	
270.3 ± 36.9 *




	
Vitamin A (µg retinol equivalent)

	
500/630

	
1270.4 ± 300.8

	
1412.5 ± 287.9




	
Vitamin E (mg α-tokoferol equivalent)

	
8/10

	
5.1 ± 2.2

	
6.1 ± 1.8




	
Vitamin C (mg)

	
75/90

	
75.5 ± 39.3

	
121.5 ± 32.7 *




	
Vitamin B-12 (µg)

	
2.4

	
2.1 ± 0.3

	
2.3 ± 0.9




	
Vitamin D (µg)

	
15

	
2.4 ± 1.6

	
5.6 ± 1.2 *




	
Calcium (mg)

	
800

	
527.9 ± 100.2

	
902.5 ± 200.7 *




	
Magnesium (mg)

	
265/350

	
292.5 ± 90.8

	
301.5 ± 68.9




	
Iron (mg)

	
6/8

	
8.5 ± 3.3

	
8.3 ± 2.6




	
Zinc (mg)

	
6.8/9.4

	
7.8 ± 2.3

	
9.8 ± 3.1 *




	
Sodium (µg)

	
1500

	
2984.5 ± 203.7

	
3010.6 ± 187.2




	
Potassium (mg)

	
3500

	
2553.7 ± 216.4

	
2601.7 ± 227.1








IBD, inflammatory bowel disease; SD, standard deviation; SFA, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs; polyunsaturated fatty acids. * p-value < 0.05 IBD vs. controls.













 





Table 3. Energy and nutrient intake by CD and UC patients.
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Nutrient

	
Guidelines [21,47]

Female/Male

	
CD

Mean ± SD/n (%)

	
UC

Mean ± SD/n (%)






	
Energy (kcal)

	
2000 kcal/2500 kcal

	
1540.2 ± 282.5

	
1626.1 ± 320.7




	
% Calories from carbohydrates

	
45–60%

	
53.1 ± 7.1

	
52.9 ± 6.9




	
% Calories from fats

	
20–35%

	
26.8 ± 7.4

	
27.9 ± 5.5




	
% Calories from proteins

	

	
18.2 ± 4.7

	
18.3 ± 3.3




	
Macronutrients




	
Fat (g)

	

	
40.8 ± 9.6

	
44.6 ± 9.1




	
SFA (g)

	
As low as possible

	
17.1 ± 1.8

	
18.2 ± 1.6




	
MUFA (g)

	

	
13.9 ± 3.2

	
14.4 ± 2.6




	
PUFA (g)

	

	
5.3 ± 1.3

	
5.6 ± 0.9




	
Cholesterol (mg)

	

	
202.6 ± 17.1

	
210.4 ± 14.6




	
Protein (g)

	

	
65.5 ± 9.7

	
71.3 ± 10.2 *




	
Protein (g/kg BW)

	
Active disease 1.2–1.5 g/kg BW;

Remission 1 g/kg BW

	
1.1

	
1.3




	
Protein intake lower than recommended (%)

	

	
5 (10.4)

	
3 (8.8)




	
Animal protein (g)

	

	
41.3 ± 4.1

	
46.9 ± 3.2




	
Plant protein (g)

	

	
27.9 ± 4.1

	
26.3 ± 3.3




	
Carbohydrates (g)

	

	
232.7 ± 50.2

	
200.4 ± 44.8




	
Fiber (g)

	
Active disease reduction;

Remission 25 g/day

	
10.1 ± 5.1

	
16.7 ± 3.8 *




	
Fiber intake lower than recommended (%)

	

	
41 (85.4)

	
29 (85.3)




	
Simple sugars (g)

	
As low as possible

	
11.6 ± 4.1

	
9.9 ±3.6




	
Lactose (g)

	

	
2.6 ± 1.2

	
3.4 ±1.1 *




	
Sucrose (g)

	
As low as possible

	
29.7 ± 5.5

	
27.1 ±5.1




	
Starch (g)

	

	
133.7 ± 30.6

	
130.5± 29.9




	
Micronutrients




	
Dietary folate equivalents (µg)

	
400

	
212.5 ± 40.2

	
200.5 ± 42.9




	
Vitamin A (µg retinol equivalent)

	
500/630

	
1260.4 ± 330.1

	
1300.3 ± 276.5




	
Vitamin E (mg α-tokoferol equivalent)

	
8/10

	
5.3 ± 2.1

	
5.5 ± 1.9




	
Vitamin C (mg)

	
75/90

	
73.1 ± 34.3

	
76.4 ± 37.1




	
Vitamin B-12 (µg)

	
2.4

	
2.1 ± 0.6

	
2.2 ± 0.9




	
Vitamin D (µg)

	
15

	
2.2 ± 1.3

	
2.4 ± 1.7




	
Calcium (mg)

	
800

	
520.9 ± 90.2

	
530.4 ± 102.8




	
Magnesium (mg)

	
265/350

	
299.5 ± 88.8

	
300.3 ± 90.7




	
Iron (mg)

	
6/8

	
8.6 ± 3.7

	
8.8 ± 3.2




	
Zinc (mg)

	
6.8/9.4

	
7.9 ± 2.9

	
8.3 ± 3.1




	
Sodium (µg)

	
1500

	
3084.5 ± 200.1

	
2699.8 ± 300.2




	
Potassium (mg)

	
3500

	
2653.1 ± 206.7

	
2598.5 ± 128.9








SD, standard deviation; SFA, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs; polyunsaturated fatty acids. * p-value < 0.05 CD vs. UC.













 





Table 4. Energy and nutrient intake by patients with IBD according to disease activity.






Table 4. Energy and nutrient intake by patients with IBD according to disease activity.





	
Nutrient

	
Guidelines [21,47]

Female/Male

	
Active

Mean ± SD/n (%)

	
Remission

Mean ± SD/n (%)






	
Energy (kcal)

	
2000 kcal/2500 kcal

	
1371.7 ± 272.5

	
1623.7 ± 350.5 *




	
% Calories from carbohydrates

	
45–60%

	
55.4 ± 7.8

	
49.4 ± 10.1 *




	
% Calories from fats

	
20–35%

	
27.8 ± 4.6

	
28.9 ± 6.4




	
% Calories from proteins

	

	
15.8 ± 3.2

	
22.5 ± 4.7 *




	
Macronutrients




	
Fat (g)

	

	
40.8 ± 8.6

	
42.9 ± 10.1




	
SFA (g)

	
As low as possible

	
16.6 ± 1.8

	
17.9 ± 2.1




	
MUFA (g)

	

	
14.9 ± 2.8

	
15.3 ± 2.2




	
PUFA (g)

	

	
5.2 ± 1.7

	
5.6 ± 1.4




	
Cholesterol (mg)

	

	
213.6 ± 23.1

	
201.6 ± 26.8




	
Protein (g)

	

	
57.5 ± 7.7

	
72.5 ± 8.2 *




	
Protein (g/kg BW)

	
Active disease 1.2–1.5 g/kg BW;

Remission 1 g/kg BW

	
0.9

	
1.5 *




	
Animal protein (g)

	

	
31.3 ± 5.1

	
40.3 ± 4.1 *




	
Plant protein (g)

	

	
26.2 ± 2.1

	
35.2 ± 4.1 *




	
Carbohydrates (g)

	

	
200.9 ± 50.1

	
210.6 ± 46.2




	
Fiber (g)

	
Active disease reduction;

Remission 25 g/day

	
12.7 ± 7.8

	
17.1 ± 5.5 *




	
Simple sugars (g)

	
As low as possible

	
10.1 ± 4.2

	
11.2 ± 3.8




	
Lactose (g)

	

	
3.4 ± 1.1

	
3.4 ± 1.1




	
Sucrose (g)

	
As low as possible

	
25.1 ± 5.1

	
28.7 ± 4.2




	
Starch (g)

	

	
134.3 ± 30.6

	
129.8 ± 35.4




	
Micronutrients




	
Dietary folate equivalents (µg)

	
400

	
212.7 ± 40.2

	
217.5 ± 42.9




	
Vitamin A (µg retinol equivalent)

	
500/630

	
1255.4 ± 310.2

	
1279.4 ± 276.8




	
Vitamin E (mg α-tokoferol equivalent)

	
8/10

	
5.0 ± 2.8

	
5.4 ± 1.2




	
Vitamin C (mg)

	
75/90

	
70.5 ± 41.3

	
76.1 ± 36.8




	
Vitamin B-12 (cobalamin) (µg)

	
2.4

	
2.1 ± 0.7

	
2.0 ± 0.9




	
Vitamin D (µg)

	
15

	
2.4 ± 1.1

	
2.3 ± 2.1




	
Calcium (mg)

	
800

	
500.9 ± 100.2

	
570.9 ± 100.2




	
Magnesium (mg)

	
265/350

	
272.5 ± 92.8

	
302.5 ± 99.7




	
Iron (mg)

	
6/8

	
8.1 ± 2.6

	
8.5 ± 4.3




	
Zinc (mg)

	
6.8/9.4

	
7.1 ± 2.0

	
8.2 ± 2.7




	
Sodium (µg)

	
1500

	
3010.5 ± 198.7

	
2836.5 ± 221.2




	
Potassium (mg)

	
3500

	
2653.7 ± 205.4

	
2488.1 ± 232.2








IBD, inflammatory bowel disease; SD, standard deviation; SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids. * p-value < 0.05 Active vs. Remission.













 





Table 5. Food group consumption, MedDietScore, and total score for adherence to European dietary guidelines for CVD prevention in study participants.






Table 5. Food group consumption, MedDietScore, and total score for adherence to European dietary guidelines for CVD prevention in study participants.





	
Food Groups

	
Polish Dietary Guidelines [47]

	
IBD

Me (Q1–Q3)/Mean ± SD

	
Controls

Me (Q1–Q3)






	
Frequency of consumption (times per day)

	

	

	




	
Fruits

	
2 portions/day

	
1.1 (0.5–2.0)

	
2.7 (0.7–2.7) *




	
Vegetables

	
3 portions/day

	
1.1 (0.5–1.4)

	
1.9 (0.7–3.3) *




	
Legumes

	
3 portions/week

	
0.3 (0.1–0.7)

	
1.1 (0.5–2.1) *




	
Whole grain products

	
5–8 portions/day

	
1.1 (0.3–1.9)

	
3.2 (1.0–4.4) *




	
Red meat

	
Up to 1 portion/week

	
1.1 (0.3–2.1)

	
1.3 (0.5–2.2) *




	
Poultry

	
1–2 portions/week

	
1.5 (0.9–2.9)

	
1.6 (0.5–2.8)




	
Fish

	
2 portions/week

	
0.3 (0.1–0.9)

	
0.4 (0.5–1.3)




	
Lactose dairy products

	
2 portions/day

	
1.0 (0.5–1.9)

	
2.1 (0.5–3.1) *




	
Lactose-free dairy products

	
1.5 (0.9–2.5)

	
0.2 (0.1–0.9) *




	
Butter

	

	
2.1 (0.5–3.2)

	
2.1 (0.5–3.1)




	
Plant oils

	

	
0.7 (0.0–1.5)

	
1.5 (0.5–2.5) *




	
Fast foods

	
Avoidance

	
0.5 (0.5–1.5)

	
1.5 (0.5–2.9) *




	
Sweetened beverages

	
Avoidance

	
0.5 (0.5–1.5)

	
1.6 (0.5–2.8) *




	
Sweets

	
Avoidance

	
0.7 (0.5–2.0)

	
2.1 (0.5–4.1) *




	
Coffee

	

	
1.1 (0.5–2.0)

	
1.3 (1.0–3.0)




	
Tea

	

	
1.5 (0.3–1.9)

	
1.5 (1.0–2.0)




	
Total MedDietScore (0–55)

	

	
24.6 ± 6.7

	
30.2 ± 4.6 *




	
Total score of adherence to European dietary guidelines for CVD prevention (0–11)

	

	
4.2 ± 1.7

	
6.1 ± 1.3 *








* p < 0.05, IBD vs. controls.













 





Table 6. Food group consumption, MedDietScore, and total score for adherence to European dietary guidelines for CVD prevention in CD and UC patients.
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Food Groups

	
Polish Dietary Guidelines [47]

	
CD

Me (Q1–Q3)/Mean ± SD

	
UC

Me (Q1–Q3)/Mean ± SD






	
Frequency of consumption (times per day)

	

	

	




	
Fruits

	
2 portions/day

	
1.0 (0.5–1.8)

	
1.2 (05–2.1)




	
Vegetables

	
3 portions/day

	
1.0 (0.5–1.6)

	
1.2 (0.5–1.4)




	
Legumes

	
3 portions/week

	
0.3 (0.1–0.6)

	
0.3 (0.1–0.4)




	
Whole grain products

	
5–8 portions/day

	
1.1 (0.3–1.6)

	
1.0 (0.5–1.7)




	
Red meat

	
Up to 1 portion/week

	
1.1 (0.3–2.1)

	
1.2 (0.5–2.0)




	
Poultry

	
1–2 portions/week

	
1.4 (0.9–2.9)

	
1.6 (1.0–2.2)




	
Fish

	
2 portions/week

	
0.3 (0.1–0.9)

	
0.3 (0.2–0.9)




	
Lactose dairy products

	
2 portions/day

	
0.5 (0.3–1.1)

	
1.0 (0.5–1.9) *




	
Lactose-free dairy products

	
1.5 (0.8–2.5)

	
0.8 (0.5–1.1) *




	
Butter

	

	
2.1 (0.3–3.2)

	
2.0 (0.5–2.5)




	
Plant oils

	

	
0.7 (0.0–1.4)

	
0.7 (0.2–1.2)




	
Fast foods

	
Avoidance

	
0.5 (0.3–1.4)

	
0.6 (0.5–1.5)




	
Sweetened beverages

	
Avoidance

	
0.5 (0.3–1.5)

	
0.5 (0.5–1.4)




	
Sweets

	
Avoidance

	
0.7 (0.3–2.0)

	
0.6 (0.3–1.8)




	
Coffee

	

	
1.1 (0.5–2.0)

	
1.0 (0.7–2.0)




	
Tea

	

	
1.3 (0.3–1.9)

	
1.6 (0.5–1.6)




	
Total MedDietScore (0–55)

	

	
24.1 ± 6.2

	
23.9 ± 6.8




	
Total score of adherence to European dietary guidelines for CVD prevention (0–11)

	

	
4.1 ± 1.8

	
4.4 ± 1.2








* p < 0.05, CD vs. UC.













 





Table 7. Food group consumption, MedDietScore, and total score for adherence to European dietary guidelines for CVD prevention in patients with IBD according to disease activity.
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	Food Groups
	Polish Dietary Guidelines [47]
	Active

Me (Q1–Q3)
	Remission

Me (Q1–Q3)





	Fruits
	2 portions/day
	0.7 (0.5–1.5)
	1.5 (0.7–2.0) *



	Vegetables
	3 portions/day
	0.9 (0.3–1.1)
	1.2 (0.5–1.4) *



	Legumes
	3 portions/week
	0.3 (0.1–0.6)
	0.4 (0.1–0.7)



	Whole grain products
	5–8 portions/day
	0.9 (0.3–1.7)
	1.2 (0.4–1.9) *



	Red meat
	Up to 1 portion/week
	0.9 (0.4–2.0)
	1.2 (0.3–2.1) *



	Poultry
	1–2 portions/week
	1.2 (0.9–2.5)
	1.8 (0.7–2.7) *



	Fish
	2 portions/week
	0.3 (0.2–0.8)
	0.3 (0.1–0.9)



	Lactose dairy products
	2 portions/day
	0.9 (0.5–1.7)
	1.1 (0.7–1.9)



	Lactose-free dairy products
	2 portions/day
	1.3 (0.7–2.5)
	1.5 (0.9–2.5)



	Butter
	
	2.0 (0.6–3.2)
	2.1 (0.5–3.0)



	Plant oils
	
	0.6 (0.1–1.5)
	0.7 (0.0–1.3)



	Fast foods
	Avoidance
	0.5 (0.5–1.5)
	0.4 (0.4–1.2)



	Sweetened beverages
	Avoidance
	0.6 (0.5–1.5)
	0.5 (0.5–1.4)



	Sweets
	Avoidance
	0.7 (0.5–2.1)
	0.7 (0.4–2.0)



	Coffee
	
	0.5 (0.3–1.6)
	1.3 (0.5–2.0)



	Tea
	
	0.5 (0.2–0.9)
	1.7 (0.9–2.0)



	
	
	
	



	Total MedDietScore (0–55)
	
	22.3 ± 5.2
	27.1 ± 6.1 *



	Total score of adherence to European dietary guidelines for CVD prevention (0–11)
	
	3.5 ± 1.4
	4.7 ± 1.5 *







* p < 0.05, active vs. remission.
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