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Abstract

:

The purpose of this randomized, retrospective study was to investigate the possible association among levels of anxiety and depression and functional food consumption frequency, Mediterranean diet adoption and anthropometric indices in a sample of Greek, mainly young, adults. One hundred twenty healthy adults, 80% of whom were 18–35 years old, were randomly recruited from the North Aegean Islands, mainly from the Aegean University campus. The degree of anxiety was evaluated using the State-Trait Anxiety Inventory (STAI-X-1,2) whereas the degree of depression was assessed using the Beck Depression Inventory (BDI). Mediterranean diet adherence was evaluated using the Med Diet Score and functional foods consumption frequency by a validated food frequency questionnaire (FFQ). According to our results, the study did not show a statistically significant association between Mediterranean diet adherence and anxiety or depression levels (p > 0.05), and a trend association was observed only for the depression grouped score. In parallel, increased depression level was significantly correlated with an increased body mass index (BMI) (p = 0.019). In addition, the consumption of specific functional foods, such as beans, nuts, pomegranate, spinach and foods enriched with β-glucans, correlated with state-trait anxiety or depression levels, as well as with anthropometric indices (p < 0.05). The results of the study may contribute to the elucidation of the possible role of the Mediterranean diet and functional food consumption on self-esteem, anxiety and depression.
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1. Introduction


Nowadays, there is an increased percentage of individuals with anxiety and depression, which are two of the most common mental health diseases globally [1,2,3,4,5]. About 85% of patients with depression have significant anxiety, and 90% of patients with anxiety disorder have depression. These different diseases present similar symptoms, with common cognitive and attitude characteristics that affect the quality of life, such as fatigue and loss of energy, feeling slowed-down or agitated and restless, poor attention and concentration, slow thinking, distractibility, impaired memory, indecisiveness, apprehension, derealization, irritability, sleeping difficulties and atypical anger. The severity of anxiety symptoms has been correlated with the persistence of subsequent depressive symptoms [1]. The etiopathology of both diseases could be attributed to both genetic [1] or environmental and social factors, such as external stressors such as job stress, adverse life events and financial problems [2], and may lead to a decrease in quality of life and an increase in the risk of developing chronic disease, such as cardiovascular diseases [1,2]. A great number of people with depression have a history of anxiety disorder earlier in life. There is no evidence as to whether one disorder causes the other, although there is clear evidence that a significant percentage of the population suffers from both diseases, and both depression and anxiety disorder require appropriate treatment [1]. Depression occurs more often in women than in men. Some differences in the way the depressed mood manifests have been found based on sex and age. In regard to gender, in men it manifests as irritability, tiredness and anger, whereas in women depression tends to manifest as sadness, worthlessness and guilt [1,2,3]. In regard to age, in younger people depression is more likely to manifest in school or university in the form of refusal, anxiety and worry, and younger people also frequently exhibit co-morbid anxiety, eating disorders, or substance abuse, with specific proposed pathways [3]. For university students, the aim of obtaining a degree as the key to success, with many students leaving their home at the same time, can be a cause of depression, anxiety and stress. [4] Anxiety is an automatic biological response of the organism to various external stimuli. This stressful reaction is only created when a person feels unable to deal with the requirements of a situation [5]. Scientific data suggest that stress and sleep are related to each other in a bidirectional way—increased anxiety is associated with poor sleep and stress reduction improves both anxiety and sleep [1]. According to Spielberger, state anxiety and permanent anxiety are two categories of anxiety [6]. On the one hand, the state of anxiety refers to an existing or immediate emotional situation which is characterized by anxiety and intensity. On the other hand, permanent anxiety is an acquired behavioral predisposition that causes individuals to react with stress and anxiety in non-threatening situations [6,7]. Psychological diseases such as depression and anxiety are extremely common in young people, especially during university life [4]. Various scientific data support the suggestion that mainly young adults with a history of psychological disorders in adolescence have a higher risk of developing anxiety or depression, also highlighting the possible protective role of foods against these diseases [8,9].



In recent years, the concept of foods developed particularly to promote human health or reduce the risk of disease has been introduced. Based on clinical and epidemiological studies, researchers have highlighted the significance and possible health effects of certain foods, known as functional foods [10,11,12,13,14,15]. It should be noted that in recent years production of these foods has increased, owing to their several possible beneficial effects on human health [10]. Functional foods are often indicated as ‘natural health products’ or ‘healthy foods’. Although there is not a unique definition worldwide, foods can only be considered functional if, along with basic nutritional effects, they exhibit possible beneficial effects on specific functions into the human organism, with the result of improving the physical condition and/or decreasing the risk of chronic disease [11]. However, nutritional and health claims about the possible effect of functional foods on disease prevention have been established only in specific situations when there are sufficient scientific data to ensure these properties [12]. Furthermore, the scientific research shows conclusively that functional foods may have beneficial effects on human health only if they are part of a balanced diet, such as the Mediterranean diet [13]. Functional foods are considered to be those foods which are intended to be consumed as part of a balanced diet, with high consumption of fruits, vegetables, olive oil, cereal, fishes and low consumption of meat or saturated fats, such as Mediterranean diet, and which also contain bioactive components, offering the potential for enhanced health or limiting the risk of diseases [14,15,16,17]. For instance, some categories of functional foods are foods that contain specific minerals, vitamins, polyunsaturated fatty acids or dietary fiber, foods with added biologically active and valuable substances such as phytochemicals as polyphenols or other antioxidants, and probiotics that have live beneficial cultures and prebiotics. Functional foods also include curcumin, aloe vera, Chios gum, spirulina, hippophaes, royal jelly, mountain tea, sage, soy, broccoli, linseed, turmeric, kefir and ginger—these are all foods with a possible functional role in protecting against various severe illnesses such as obesity, gastrointestinal diseases and autoimmune diseases [18,19,20,21].



The Mediterranean diet has also been recognized as a possible protective factor in the prevention of cardiovascular disease (CVD) and other chronic diseases [18,21,22]. This diet is characterized by a high consumption of vegetables, fruits, olive oil, cereals, fishes and a low consumption of meat and saturated fats. Several studies have concluded that specific functional foods of the Mediterranean diet may have a protective effect against atherosclerotic processes and thus the development of CVD [22]. Specific functional foods of the Mediterranean diet such as olive oil, honey, vegetables (tomatoes, cauliflower, broccoli), fruits (citrus fruits, pomegranate, grapes), wild greens (fennel, radish), and herbs (oregano, mint, dittany, salvia) may contribute to chronic disease prevention due to the bioactive compounds of those foods, such as phytochemicals and polyphenols like oleuropain, resveratrol, sulforaphan, anthocyanins, quercetin and tannins. Their possible mechanisms of action include improving lipid profile, endothelial factors, thrombotic factors and a possible effect on gene expression [19].



The scientific community has investigated the possible protective role of functional foods and has demonstrated the significance of a healthy diet based on Mediterranean dietary patterns for the psychological system. A balanced diet, rich in various functional foods, is a valuable nutritional concept in relation to eating disorders, suggested by scientists as a potential means of decreasing the risk of anxiety and depression, especially in young adults [23]. Undoubtedly, diet and lifestyle are closely associated with severe depression, anxiety and other chronic conditions, and it is especially obvious that Mediterranean diet adherence and several functional foods, such as fermented foods, may have a possible positive effect on human cognitive function, protecting adults of all ages against psychological diseases, with an emphasis in young people such as university students [24,25,26,27,28,29]. Although several studies have suggested a possible association between nutrition and depression or anxiety, further scientific research should be conducted—such as clinical or epidemiological studies—in order to further investigate the role of nutritional attitudes in psychological diseases and especially in depression and anxiety. The present study was performed due to the relatively small number of studies about the possible effect of specific functional foods in parallel with the adoption of a Mediterranean diet on psychological diseases, such as anxiety and depression.



The main purpose of the present retrospective study was to investigate the possibility of association between Mediterranean dietary patterns and the frequency of functional food consumption, as well as anthropometric indices, measuring anxiety and depression levels in Greek mainly young adults.




2. Materials and Methods


2.1. Subjects


The study protocol was approved by the Ethics Committee of University of the Aegean (October 2018) and the study was performed in accordance with the Declaration of Helsinki of 1975, revised in 2013. All participants signed an informed consent form and were informed about the prime target of the study, the confidentiality of the data, the voluntary nature of the study and the acceptance of their participation.



One hundred twenty healthy adults—37 men and 83 women, 99 of whom were aged 18–35 (82.5%) and 21 were aged >35 years old (17.5%)—were randomly recruited from the North Aegean Islands, specifically from the university campuses of the islands Lemnos and Lesvos. The selection of the participants was carried out via social media, announcements on the university campus and in e-mails, in a random and representative way. The inclusion criteria required participants to be healthy adults who had never suffered from chronic inflammations or infections, such as cardiovascular diseases, diabetes mellitus, cancer or psychological diseases. Exclusion criteria included people over the age of 65 and under the age of 18 years. All volunteers were required to complete a medical screening questionnaire containing not only baseline information such as demographics and medical history but also smoking habits, nutritional supplement consumption, level of physical activity and other additional nutrition-related questions. After the first screening interview of 130 people randomly selected from initial 150, the final 120 participants were selected based on the inclusion and exclusion criteria of the study. The selection of the participants and the collection of the data were carried out by independent researchers (collaborating nutritionists).




2.2. Study Design


The study was conducted as a retrospective, cross-sectional, observational study. After initial screening of the volunteers, 120 healthy adults finally participated in the study, following the inclusion criteria. The study started on 15 October 2018 and finished on 18 June 2019. The participants visited the specifically designed Nutritional Unit, and with the assistance of nutritionists, completed two questionnaires, one to assess their nutritional patterns and functional food consumption frequency [30] and the other to assess the quality of their diet (adherence to the Mediterranean diet) [31]. The participants were asked to recall their nutritional habits during the past year. For the evaluation of anxiety and depression levels, the volunteers completed the Beck Depression Inventory questionnaire for depression [32] and the questionnaires of C. D. Spielberger about state and trait anxiety [33]. Then, anthropometric measurements were carried out (weight, height, waist-to-hip ratio, body fat, body water content, muscle mass and bone mass).




2.3. Functional Food Consumption and Mediterranean Diet Adherence Evaluation


Functional food consumption frequency and Mediterranean diet adherence were evaluated by two validated questionnaires. The first questionnaire was a food frequency questionnaire (FFQ) based on the FFQ used in a NHANES (National Health and Nutritional Examination Survey) study [30], after some modifications. Specifically, changes were carried out in order to include more natural and processed functional foods, without alterations to the type of questions, based on previous published studies about functional food consumption in the Greek population [12,13]. The questionnaire included four parts. The first contained questions about gender, age, occupation and marital status. The second part contained questions concerning the general and nutritional background of the participants, smoking, water intake and daily meals, as well as the use of medication. In the third and fourth parts, the frequency of functional food categories—groups and specific functional foods and kinds of consumption—were investigated. The food groups evaluated were red meat, white meat, fish, cereals, bread, nuts, sweets, milk, dairy products, legumes, fruits and vegetables. In addition, two sections for the evaluation of functional foods were included; one for categories of functional foods (probiotics, prebiotics, enriched foods with vitamins, minerals and polyunsaturated fats) and for types of functional foods-superfoods (goji berry, cranberry, mountain tea, spirulina, etc.). The possible answers were “every day”, “4–5 times per day”, “2–3 times per day”, “1 time per day”, “5–6 times per week”, “3–4 times per week”, “1–2 times per week”, “3–4 times per month”, “1–2 times per month” and “never” [12,13,30].



The second questionnaire was a Mediterranean diet (Med diet) score, designed by Panagiotakos et al. (2006) [31], consisting of 11 main components of the Mediterranean diet (non-refined cereals, fruits, vegetables, potatoes, legumes, olive oil, fish, red meat, poultry, full fat dairy products and alcohol). On the one hand, for the consumption of items to be close to this pattern, scores on a scale of 0, 1, 2, 3, 4 and 5 were assigned, corresponding to whether a participant reported no consumption, rare, frequent, very frequent, weekly and daily consumption, respectively. On the other hand, for the consumption of foods presumed to be separate from this pattern, the same scores were assigned on a reverse scale. Then, a total Med diet score ranging from 0 to 55 was calculated. This score is useful in assessing the nutritional status of an individual and investigating the relationship of the Mediterranean diet with various health outcomes. A high total Med diet score is an indicator of high Mediterranean diet adherence and, on the contrary, a low total Med diet score shows low Mediterranean diet adherence [31]. The Med diet scores were additionally grouped into three categories (low, 1–17; moderate, 18–36; high adherence, 37–55).




2.4. Anxiety and Depressive Evaluation


Anxiety and depression evaluations were performed with two scales. The Test Anxiety Inventory (TAI), a self-reported psychometric scale, was developed to measure individual differences in test anxiety as a situation-specific trait. Based on a Likert scale, the respondents are asked to report how frequently they experienced specific symptoms of anxiety during the past year. In addition to measuring individual differences in anxiety proneness in test situations, the TAI subscales access worry and emotionality as major components of test anxiety. The trait and state Anxiety Inventory scores were grouped into three categories (increased anxiety, 20–39; moderate anxiety, 40–59; high anxiety, 60–80) [33]. The Beck Depression Inventory (BDI) is a 21-question multiple-choice self-reported inventory, one of the most widely used psychometric tests for measuring the severity of depression. The BDI was originally developed to detect, assess and monitor changes in depressive symptoms among people in a mental healthcare setting. It is also used to detect depressive symptoms in a primary care setting. The BDI usually takes between five and ten minutes to complete as part of a psychological or medical examination. The Beck Depression Inventory scores were grouped into four categories (no possibility for depression development, 0–13; low, 14–19; moderate, 20–28; and high possibility, 29–63) [32].




2.5. Anthropometric Characteristics


Measurements of body mass index (BMI), body fat and water content, muscle mass and bone mass were performed with two models of body analyzers, TANITA BC-545 N and TANITA SC-330 P. The basic principle of the analyzers was bioelectrical impendence analysis (BIA). The electrode sites were cleaned with an alcohol swab prior to measurement. Prior to measurements, the participants removed their shoes, as well as their socks. The participants had also been informed not to drink large amounts of water, as well as not to eat, at least two hours prior to the procedure, to ensure more accurate measurements. Furthermore, they had been also advised not to participate in any intense exercise that could possibly induce dehydration. Height was measured using an audiometer (Gima Tape Height Measure) and the waist-to-hip ratio with a measuring tape. The classification of participants according to BMI was performed according to WHO guidelines [34,35]. Specifically, underweight was recorded when BMI was lower than 18.5, overweight when BMI was greater than or equal to 25 and obese when BMI was greater than or equal to 30. Volunteers’ body composition was classified as follows—standard scales for the mass of water for women (45%–65%) and for men (50%–65%), standard fat mass for women (22%–34%) and for men (8%–22%), standard bone mass index for women (2.5%–4%) and for men (3%–5%) and standard muscle mass for women (63%–75.5%) and for men (75%–89%) [36,37].




2.6. Statistical Analysis


The statistical analysis of the study’s data was conducted using the SPPS VER. 22 Statistical Package for Social Sciences. This program gave information about the intensity and the nature of the relationship between the variables in each case. Using SPSS, we performed analysis of variances (one-way ANOVA, Bonferoni post-hoc analysis) to demonstrate the relationship between categorical variables (frequency of consumption of functional food groups) and continuous variables (BMI, body fat, muscle tissue). Associations between one categorical variable and many quantitative variables were examined using the test of homogeneity variances, whereas associations between categorical variables were examined using the Chi-squared test. Subsequently, the reliability of the correlations was checked by observing the annotation under the Chi square test table. In order to accomplish all these analyses, the clustering of the variables was performed.



The statistical analysis of the results was performed based on two methods (one-way ANOVA, Chi-squared test) and each method had specific criteria. In the Chi-squared test method, a correlation was observed between variables when the p-value (Sig) < 0.05 (Criterion 1). Furthermore, for the correlation to be reliable (statistically significant), the percentages of cells lower than 20 were noted in the annotation under the table of the Chi-squared test (Criterion 2). When both criteria were applied, the correlation between variables was reliable. In the one-way ANOVA method, a correlation was observed between variables when the F critical value > 1 and the p-value (Sig) < 0.05 (Criterion 3). Moreover, in order for the correlation to be reliable, in the table with the test of homogeneity of variances, significance was required to be higher than 0.05 (Criterion 4). When both criteria were applied, the correlation between variables was reliable (statistically significant).





3. Results


3.1. Demographic Characteristics of the Sample


Table 1 presents the basic characteristics of the participants. In total, 37 men (30.83%) and 83 women (69.2%) participated in the study. The majority of the participants were aged 18–35 years old, specifically 99 individuals (82.5%). In addition, 84 volunteers (70%) were university students and had a higher level of education. According to the level of physical activity, 43 healthy people (35.83%) had a moderate level of physical activity and only 15 participants (12.50%) had never exercised (Table 1).



In addition, according to Med diet scores, 68%of the participants had moderate adherence to the Mediterranean diet (Med diet score 18–36), 30% had high adherence (37–55), whereas 2% had low adherence (1–17). According to the DBI score, 49% of the participants had no possibility of depression development (score 0–13), 19% had a low possibility (14–19), 21% had a moderate possibility (20–28) and 11% had a high possibility (29–63). Referring to anxiety, 75% and 85% of the participants had decreased trait and state anxiety scores, respectively (20–39); 22% and 13% had moderate scores (40–59); and 3% and 2% had increased State-Trait Anxiety Inventory (STAI) scores (60–80).




3.2. Association among Functional Food Consumption and Anthropometric Characteristics, Anxiety and Depression Levels


The basic aim of the study was to investigate the association of functional food consumption with state-trait anxiety and depression indices, using the Chi-squared test method. The results demonstrate associations of some functional foods with those indexes. More specifically, a trend of association was found firstly among some functional foods and state-trait anxiety and secondly among some of functional foods and depression (Criterion 1). A correlation of mountain tea and sage with state anxiety was observed, showing that these functional foods can be associated with a reduced risk of state anxiety. Furthermore, the same result was found among specific foods (such as foods rich with β-glucan, sage, beans, spinach and nuts) and trait anxiety (Criterion 1). In regard to depression, the results indicated a trend of association of goji berries, cranberries, berries, mountain tea, beans and foods rich in β-glucan with depression (Criterion 1), suggesting a possible positive effect of these functional foods in relation to depression (Table 2).



Apart from the above correlations, the present study also evaluated the possible association between functional foods and anthropometric characteristics, using the one-way ANOVA method and post-hoc analysis. On the one hand, the results showed statistically significant associations between some functional foods and anthropometric characteristics, especially, foods enriched with vitamins and minerals, broccoli and crumbled vegetables, hippophaes, royal jelly, nutmeg, tea and sage with body mass index (p = 0.008, 0.00, 0.00, 0.017, 0.034 and 0.03, respectively); hippophaes, spirulina and beans with body fat and muscle tissue (p = 0.04, 0.02 and 0.005 for fat, respectively); hippophaes, spirulina, royal jelly, garlic and nutmeg with waist size (p = 0.001, 0.018, 0.023, 0.029 and 0.012, respectively) (Criterion 3, Criterion 4). On the other hand, the results indicated an association of some specific foods with anthropometric parameters, especially tea and sage with body mass index; broccoli, crumbled vegetables and nutmeg with waist size; garlic and thyme with muscle tissue; and beans with body fat (Criterion 3) (Table 2).




3.3. Association of Mediterranean Diet Adherence with Anthropometric Characteristics, Anxiety and Depression Levels


The results shown in Table 3 indicated no statistically significant correlation between state-trait anxiety and anthropometric characteristics. The same results were found between Med diet score groups and anthropometric characteristics, using the one-way ANOVA method. Furthermore, using this method to evaluate the correlation between depression score groups and anthropometric parameters, the basic finding was a statistically significant association between depression score groups and body mass index (Criterion 3, Criterion 4, post hoc analysis, Bonferoni), indicating that a high body mass index was associated with an increased risk of depression. Another result of this analysis was a trend of correlation among depression score groups and other anthropometric indices such as muscle tissue, waist size and waist-to-hip ratio (meeting only Criterion 3) (Table 3).



Table 4 shows that there was no association of state-trait anxiety score with Med diet score and Med diet score groups. These results were in accordance with the results of the association between depression score groups and Med diet score. Statistical analysis also indicated a trend of association between depression score and Med diet score groups, although it was not reliable. This trend of correlation is an indicator that high Mediterranean diet adherence may be associated with a low risk of depression. In order to evaluate the above associations, the one-way ANOVA method and Bonferoni test were used (Table 4).





4. Discussion


Although many studies have indicated that dietary habits and specific food consumption frequency may be associated with the appearance of psychological diseases such as anxiety and depression, there are few studies that investigate if specific foods, especially categories and kinds of functional foods, and Mediterranean diet adoption reduce the risk of the appearance of those diseases. The need for an in-depth examination of the possible association between nutrition and psychological diseases was the trigger for conducting the present study. A basic finding of the present study was that a statistically significant association was not observed among Mediterranean diet adherence and psychological diseases (depression, state or trait anxiety levels), whereas a trend of association was observed between Med diet score groups and depression scores in the healthy adults of this study. This finding is compelling, given the fact that several studies have recorded a strong association between the Mediterranean diet and anxiety or depression [38,39]. More specifically, in the context of the Attica study, a cross-sectional survey consisting of 453 men and 400 women, a complete psychological evaluation was conducted. Participants were without any evidence of cardiovascular or other chronic disease. The main purpose of that study was to evaluate the mediating role of behavioral patterns, such as adherence to the Mediterranean diet and physical activity status, in the relationship between depression, anxiety and cardiovascular disease risk scores. According to their results, the adherence to the Mediterranean diet seems to mediate the unfavorable effect of depression and anxiety on cardiovascular disease risk [38]. Another study was performed in the University of Navarra among 10,094 healthy Spanish people for six years and indicated a potential protective role of Mediterranean dietary patterns against depressive disorders, with the authors claiming that a Mediterranean diet decreases the risk of developing depression by 30 percent [39].



Nowadays, the scientific community is focusing on the investigation of the possible association between a Mediterranean diet and psychological health in young individuals, such as adolescents and young adults, due to the specific circumstances in their life. A cross sectional study was performed in a sample of 263 participants, with a view to determining the association between adherence to a Mediterranean dietary pattern and depression, anxiety and stress among female adolescents in Tehran, Iran. According to the results of the study, there was a statistically significant association between the Mediterranean diet and depression. More specifically, Mediterranean diet adherence was connected with a reduced presence of depressive symptoms in female adolescents [25]. Furthermore, various studies support the suggestion that university students are an at-risk group for unhealthy habits such as poor diet or alcohol abuse, and thus conclude that anxiety levels appear to be higher among university students, which may lead to high levels of emotional eating. Based on the above findings, a study was designed in order to investigate if Mediterranean diet adherence is associated with a reduced level of anxiety in a sample of 252 university students from Spain. The results showed lower levels of Mediterranean diet adherence and considerable levels of emotional eating and anxiety. Therefore, as psychological disorders are frequent in young people, especially during university life, scientists support the positive effect of a Mediterranean diet and a healthy lifestyle on university students’ health [27]. In the present study, the majority of the participants were university students from the North Aegean Islands. Although the remote location of the Aegean islands in relation to central Greece may affect the psychology of the students, high values in the anxiety and depression scores were not observed. The lack of statistically significant differences between Mediterranean diet adherence with anxiety and depression in the present study, in contrast with other studies, could be attributed to different demographic characteristics and nutritional habits of the participants and differences in the study design.



Another important finding reported herein was that an association of the consumption of specific functional foods was observed with state or trait anxiety and depression. Specifically, a trend of association was observed among mountain tea and sage with state anxiety and the same result was also found among other foods, such as those enriched with β-glucan, sage, beans, spinach, nuts, and trait anxiety levels. Furthermore, the study indicated a trend of association of the consumption of goji berries, cranberries, berries, mountain tea, beans and foods enriched in β-glucan with depression levels. Therefore, the above findings show a possible association of functional foods with psychological diseases, depression and anxiety, providing important information about the possible effect of functional foods on psychological health. Nevertheless, these associations are uncertain and further investigation is needed in a large sample in order to ensure the wider applicability of the correlation.



Regarding the association of functional foods with psychological health, the scientific community has shown a clear interest in recent years. According to recent studies, some categories of functional foods and foods with a high content of minerals, vitamins and polyunsaturated fatty acids may have a possible positive effect on the psychological system [40,41,42,43]. Particularly, a clinical trial regarding the effect of royal jelly for six months on healthy volunteers indicated that 10-hydroxy-trans-2-decenoic acid, an unsaturated fatty acid unique to royal jelly, protected against depression and anxiety [40], whereas a study in south Asia demonstrated associated vegetable consumption with anxiety among adults [41]. Furthermore, according to the Journal of Traditional and Complementary Medicine, sage (Salvia sp.) has been used to prevent or cure illnesses such as depression [42], and another study in the Journal of Phytomedicine evaluated the anti-depressant activity of Myristica fragrans (Nutmeg) [43]. The results of these studies on royal jelly, vegetables (crumbled), sage and nutmeg were in accordance with the results of the present study, showing that some of these functional foods are possible protective factors against depression and anxiety. Nevertheless, it should be underlined that some functional foods, such as crumbled vegetables, royal jelly and sage were consumed by only a small subsample of the participants (approximately 10%); thus, a larger sample is needed to ensure the validity of these results.



A systematic review and meta-analysis of randomized controlled trials concluded that probiotics were beneficial for patients with depression [44,45], and scientific data demonstrate the possible positive effect of prebiotics on neuro-inflammation and anxiety [46,47]. Cereals enriched with tryptophan improved the sleep cycle, melatonin levels, serotonin levels and total antioxidant capacity and reduced anxiety and depression symptoms [48]. Herbs such as chamomile, black cohosh, chastberry and passionflower may be also useful in order to relieve anxiety and depression symptoms, which are prevalent among cancer patients, with a significant negative impact [49]. Turmeric is a type of functional food rich in curcumin, a bioactive compound that has a potential antioxidant capacity and appears to be safe, well-tolerated and efficacious among depressed patients [50,51]. Oats are a possible triple threat to anxiety, containing B vitamins, magnesium and fiber, all nutrients vital in reducing stress [19]. Avocados are foods with functional roles and are possibly one of the best foods to lower stress. These low-sugar fruits are rich in B vitamins such as B6 and folate, which may naturally lower stress levels. Avocados are also abundant in monounsaturated fats, which not only give them their rich and creamy taste, but may also reduce blood sugar spikes that can lead to anxiety [52]. Moreover, a number of studies have suggested the possible significant protective effects of nuts against mild cognitive disorders and depression [53]. The results of the present study—in which the consumption of nuts, pomegranate, spinach, foods enriched with β-glucans and beans were correlated, significantly or with trends, with depression or anxiety levels—are in accordance with those of several studies, and are supported by the presence of various bioactive compounds in these foods. Nevertheless, the interpretation of these specific functional foods as sources of nutrients could not be ensured in the present study, given the fact that the study design did not lead to results about the nutrient intake status of the volunteers.



The possible effect of functional foods on the psychological system and in general health promotion is strengthened when they are included in a balanced diet such as the Mediterranean diet, a standard nutritional model with a possible protective effect against psychological diseases, which includes the high consumption of fruits, vegetables, olive oil, cereals, fishes and the low consumption of meat, sugar and saturated fatty acids. In recent studies relating to the association between the Mediterranean diet and psychological health, researchers have concluded that eating a plant-based diet which contains fruits, vegetables, nuts and foods with polyunsaturated fats, vitamins and nutrients can reduce inflammation, and may lower the risk of depression and anxiety [54,55,56]. Physical activity can also positively affect serotonin levels in the human brain. Raising the level of this hormone boosts mood, improves appetite and sleep cycles, which are often negatively affected by depression. Exercise may be also effective for depression and anxiety when combined with the Mediterranean diet [57,58]. In our study, the majority of the young healthy participants had moderate and high physical activity, and their adherence to a Mediterranean Diet was also moderate or high. In parallel, they appeared to have decreased scores of anxiety and depression. Nevertheless, no strong reliable association was observed, as previously mentioned.



Another important finding of this study was a statistically significant association of the consumption of some functional foods, as well as of depression level with anthropometric indices. Specifically, the main finding was a reliable association between depression score groups and body mass index, showing that a high body mass index was correlated with an increased risk of depression. This result was in accordance with the results of previous. A systematic review on depression, anthropometric parameters and body image in adults supported the suggestion that an increase in weight and high body mass index were associated with the appearance of depression or depressive symptoms [59]. In addition, the present study showed a reliable association of enriched foods, broccoli, crumbled vegetables, hippophaes, royal jelly and nutmeg with body mass index; hippophaes and spirulina with body fat; hippophaes and spirulina with muscle tissue; and hippophaes, spirulina, royal jelly, garlic and sage with waist size. This study also showed a trend of correlation of mountain tea and sage consumption with body mass index; broccoli, crumbled vegetables and nutmeg with waist size; garlic and thyme with muscle tissue; and beans with body fat. It must be noted that these correlations are merely indicative and should be further investigated in a larger sample. Apart from this study, similar findings emerged from a recent study of a sample of 301 healthy adults aged between 18–65 years old from various areas in Greece. The purpose of this study was to investigate possible correlations between functional food consumption and anthropometric characteristics. More specifically, the daily consumption of fiber-rich foods or other specific foods such as goji berries, cranberries and pomegranate were correlated with reduced body mass index, and daily consumption of oats was associated with reduced body fat. Consequently, there was an association among some functional foods and anthropometric parameters, as observed in the present study [12].



Considering the findings of the present research, which emerged from reliable statistical analyses and were discussed based on scientific data, it should be noted that the present study has some limitations and weakness in some points. First, the proportion of genders was not representative, as there were three times more women than men. Additionally, the age range of the participants was wide, given the fact that the majority of volunteers were students, and few participants were permanent residents from the islands of Limnos and Lesvos. Although the focus on young people in relation to possible correlations between nutritional attitudes and psychological diseases is of high interest, the wide age range in our study implies a possible bias in the interpretation of the results. Furthermore, it should be underlined that some functional foods, such as crumbled vegetables, royal jelly and sage were consumed by only a small subsample of the participants (approximately 10%) and therefore the associations observed with these foods should be verified using a larger sample. Furthermore, there were no conjunctive factors included in this study in order to investigate the exact effect of functional foods and the Mediterranean diet, Furthermore, this was a retrospective study and thus the results should be further confirmed by larger prospective studies. Another important limitation is that the study sample was limited to 120 participants and included only participants from the North Aegean region in Greece. Larger epidemiological studies with larger samples from other areas of Greece, from both urban and rural regions, are essential in order to extract more reliable conclusions regarding to the Greek population.




5. Conclusions


The present study indicated a statistically significant association among the consumption of some functional foods and anthropometric indices and between body mass index and depression in a sample of Greek adults, especially in university students. The results of this research showed that there was no statistically significant association of a healthy diet based on Mediterranean dietary patterns with anxiety and depression levels, although some trends were observed, in contrast with some other studies with different population characteristics and study designs. Correlations seemed to be found among some functional foods and the above psychological illnesses, increasing the need for further investigation of the importance of these foods on psychological health, especially in younger people with increased stressor parameters. Nevertheless, further research should be conducted, and more clinical and epidemiological studies should be carried out in larger samples in order to draw safer conclusions and also to investigate the possible exact mechanisms that nutritional choices and bioactive compounds exert on the mechanisms of anxiety and depression.
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Table 1. Sample distribution with demographic characteristics.
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Demographic Characteristics

	
Greek Adults






	
Gender

	
Men

	
37 (30.83%)




	
Women

	
83 (69.17%)




	
Age

	
18–35 years old

	
99 (82.50%)




	
36–45 years old

	
13 (10.83%)




	
47–57 years old

	
5 (4.17%)




	
58–65 years old

	
3 (2.50%)




	
Profession

	
Student

	
84 (70%)




	
Private employee

	
10 (8.33%)




	
Civil servant

	
15 (12.50%)




	
Freelance

	
4 (3.33%)




	
Unemployed

	
6 (5%)




	
Household

	
1 (0.83%)




	
Level of education

	
Primary

	
1 (0.83%)




	
Secondary

	
18 (15%)




	
Higher (Student)

	
84 (70%)




	
Higher (Graduate)

	
11 (9.17%)




	
Postgraduate/PhD

	
5 (4.17%)




	
Other

	
1 (0.83%)




	
Level of physical activity

	
Too High

	
11 (9.17%)




	
High

	
33 (27.50%)




	
Moderate

	
43 (35.83%)




	
Low

	
18 (15%)




	
Never

	
15 (12.50%)








Note: The values in the Table indicate the number of the participants and their percentages are included in parenthesis.
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Table 2. Associations among functional food consumption frequency, anthropometric indices, anxiety and depression levels.
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Functional Foods

	
BMI

	
Body Fat

	
Muscle Tissue

	
Waist Size

	
Waist-to-Hip Ratio

	
State Anxiety Score (p-Value)

	
Trait Anxiety Score (p-Value)

	
Depression Score (p-Value)






	
Superfoods

	
F

	
0.923

	
1.528

	
1.320

	
1.046

	
1.352

	
0.781

	
0.665

	
0.941




	
Sig

	
0.491

	
0.165

	
0.247

	
0.403

	
0.233




	
Probiotics/Prebiotics

	
F

	
1.218

	
0.601

	
1.485

	
1.060

	
1.082

	
0.964

	
0.738

	
0.578




	
Sig

	
0.295

	
0.776

	
0.171

	
0.396

	
0.381




	
Foods rich in fiber

	
F

	
0.933

	
1.959

	
1.114

	
1.021

	
0.676

	
0.324

	
0.791

	
0.968




	
Sig

	
0.499

	
0.051

	
0.359

	
0.428

	
0.729




	
Foods enriched with vitamins and minerals

	
F

	
2.052 *

	
1.124

	
1.244

	
1.927

	
1.596

	
0.577

	
0.858

	
0.955




	
Sig

	
0.047 *

	
0.353

	
0.280

	
0.063

	
0.134




	
Low fat foods (light)

	
F

	
1.001

	
1.670

	
0.774

	
0.490

	
0.412

	
0.216

	
0.289

	
0.432




	
Sig

	
0.440

	
0.114

	
0.626

	
0.861

	
0.911




	
Foods rich in selenium (lean meat, poultry)

	
F

	
1.518

	
0.927

	
1.206

	
0.804

	
0.243

	
0.932

	
0.779

	
0.194




	
Sig

	
0.168

	
0.489

	
0.305

	
0.586

	
0.973




	
Foods with polyunsaturated fats

	
F

	
0.970

	
1.937

	
1.093

	
0.962

	
0.830

	
0.879

	
0.461

	
0.434




	
Sig

	
0.463

	
0.206

	
0.373

	
0.469

	
0.578




	
Gluten-free foods

	
F

	
1.278

	
0.959

	
0.671

	
1.441

	
1.275

	
0.105

	
0.523

	
0.989




	
Sig

	
0.257

	
0.478

	
0.733

	
0.180

	
0.259




	
Goji berries, cranberry, berries

	
F

	
1.657

	
0.871

	
1.521

	
1.581

	
1.176

	
0.991

	
0.772

	
0.016*




	
Sig

	
0.117

	
0.543

	
0.158

	
0.139

	
0.320




	
Tea (black, green etc.)

	
F

	
2.114 **

	
1.471

	
1.698

	
1.625

	
0.632

	
0.351

	
0.099

	
0.103




	
Sig

	
0.034 **

	
0.167

	
0.098

	
0.117

	
0.768




	
Broccoli, crumbled vegetables

	
F

	
2.650 *

	
1.765

	
1.461

	
2.253 **

	
0.943

	
0.496

	
0.779

	
0.730




	
Sig

	
0.008 *

	
0.083

	
0.171

	
0.024 **

	
0.491




	
Hippophaes

	
F

	
8.479 *

	
2.583 *

	
3.503 *

	
5.330 *

	
2.054

	
0.480

	
0.158

	
0.592




	
Sig

	
0.000 *

	
0.041 *

	
0.010 *

	
0.001 *

	
0.091




	
Spirulina

	
F

	
2.162

	
2.760 *

	
2.990 *

	
2.861 *

	
1.200

	
0.351

	
0.242

	
0.362




	
Sig

	
0.063

	
0.022 *

	
0.014 *

	
0.018 *

	
0.314




	
Royal jelly

	
F

	
5.685 *

	
1.380

	
1.417

	
2.569 *

	
1.079

	
0.660

	
0.226

	
0.821




	
Sig

	
0.000 *

	
0.229

	
0.214

	
0.023 *

	
0.379




	
Mountain tea

	
F

	
1.527

	
0.449

	
0.540

	
0.790

	
0.400

	
0.015 *

	
0.333

	
0.003 *




	
Sig

	
0.156

	
0.889

	
0.824

	
0.613

	
0.918




	
Cacao

	
F

	
1.400

	
0.715

	
0.488

	
1.515

	
1.434

	
0.825

	
0.405

	
0.109




	
Sig

	
0.212

	
0.659

	
0.842

	
0.169

	
0.199




	
Pomegranate

	
F

	
0.890

	
0.845

	
1.100

	
1.268

	
2.319

	
0.546

	
0.134

	
0.031 *




	
Sig

	
0.517

	
0.552

	
0.368

	
0.273

	
0.030




	
Oats

	
F

	
0.864

	
0.636

	
1.319

	
0.608

	
0.660

	
0.571

	
0.277

	
0.174




	
Sig

	
0.549

	
0.746

	
0.241

	
0.769

	
0.726




	
Foods enriched with β-glucan

	
F

	
0.734

	
0.367

	
0.785

	
0.634

	
0.490

	
0.122

	
0.006 *

	
0.002 *




	
Sig

	
0.623

	
0.899

	
0.584

	
0.703

	
0.815




	
Garlic

	
F

	
0.436

	
1.021

	
20.108 **

	
2.171 *

	
1.009

	
0.485

	
0.478

	
0.595




	
Sig

	
0.000

	
0.428

	
0.035 **

	
0.029 *

	
0.437




	
Thyme

	
F

	
1.167

	
1.355

	
2.725 **

	
1.395

	
0.983

	
0.369

	
0.259

	
0.695




	
Sig

	
0.323

	
0.217

	
0.007 **

	
0.199

	
0.458




	
Chamomile

	
F

	
1.334

	
0.706

	
0.662

	
1.593

	
1.682

	
0.075

	
0.136

	
0.329




	
Sig

	
0.241

	
0.667

	
0.704

	
0.145

	
0.120




	
Beans

	
F

	
1.117

	
2.850 **

	
1.755

	
1.110

	
0.917

	
0.291

	
0.016 *

	
0.025 *




	
Sig

	
0.357

	
0.005 **

	
0.085

	
0.362

	
0.513




	
Sage

	
F

	
3.197 **

	
1.529

	
1.844

	
3.063 *

	
1.727

	
0.008 *

	
0.025 *

	
0.146




	
Sig

	
0.003 **

	
0.155

	
0.076

	
0.004 *

	
0.100




	
Spinach

	
F

	
0.677

	
0.767

	
1.714

	
1.530

	
1.253

	
0.092

	
0.010 *

	
0.568




	
Sig

	
0.691

	
0.616

	
0.113

	
0.164

	
0.280




	
Nutmeg

	
F

	
2.713 *

	
1.946

	
1.353

	
2.863 **

	
2.181

	
0.140

	
0.651

	
0.667




	
Sig

	
0.017 *

	
0.679

	
0.240

	
0.012 **

	
0.050




	
Nuts

	
F

	
1.101

	
0.864

	
0.892

	
1.139

	
0.873

	
0.675

	
0.002 *

	
0.066




	
Sig

	
0.368

	
0.559

	
0.535

	
0.342

	
0.551








* N = 120 healthy adults. Regarding the association of functional foods with anthropometric indices, the values (p-values (Sig) or F-values) cells with bold text and two asterisks showed a trend but no association between variables, as only criterion 3 applied, and cells with bold text and one asterisk showed a statistically significant (reliable) association between variables, because criteria 3 and 4 applied at the same time. Regarding the association of functional foods with state-trait anxiety and depression indices, cells with bold text indicate an association between variables, as only criterion 1 applied, and cells with bold text and an asterisk showed a trend but no statistically significant association between variables, because criteria 1 and 2 did not apply. ** Some functional foods, such as crumbled vegetables, royal jelly, nutmeg and sage were consumed by only a small subsample of the participants (approximately 10%). Specifically, 8 participants consumed crumbled vegetables, 7 royal jelly, 9 nutmeg and 6 participants consumed sage.
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Table 3. Association of anthropometric indices with state-trait anxiety, depression score groups and Mediterranean diet (Med diet) score groups.
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Anthropometric

Indices

	
BMI

	
Body Fat

	
Muscle Tissue

	
Waist Size

	
Waist-to-Hip Ratio






	
State anxiety Score

	
F

	
0.332

	
0.672

	
0.639

	
0.459

	
0.185




	
Sig

	
0.718

	
0.513

	
0.530

	
0.633

	
0.832




	
Trait anxiety Score

	
F

	
0.264

	
0.108

	
0.007

	
0.132

	
0.120




	
Sig

	
0.769

	
0.898

	
0.993

	
0.876

	
0.887




	
Depression score groups

	
F

	
3.449 *

	
1.562

	
8.195 **

	
5.552 **

	
7.137 **




	
Sig

	
0.019 *

	
0.202

	
0.000 **

	
0.010**

	
0.000 **




	
Med diet score groups

	
F

	
0.604

	
0.139

	
0.955

	
0.237

	
0.065




	
Sig

	
0.548

	
0.870

	
0.388

	
0.790

	
0.937








* N = 120 healthy adults. Cells with bold text and two asterisks show a trend but no association between variables, as only criterion 3 applied, and cells with bold text and one asterisk show a statistically significant (reliable) association between variables, because criteria 3 and 4 applied at the same time. ** “Med diet score groups” represent the categorization of the score into 3 groups (0–17, low; 18–36, medium; 37–55, high adherence). “Depression score groups” represent the categorization of the score into 3 groups (0–13, none; 14–19, low; 20–28, medium; 29–63, high possibility of developing depression).
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Table 4. Association between Mediterranean diet score, anxiety, and depression levels.
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Med Diet

	
Med Diet Score

	
Med diet Score Groups






	
State anxiety Score

	
F

	
0.731

	
0.705




	
Sig

	
0.573

	
0.496




	
Trait anxiety Score

	
F

	
1.735

	
0.136




	
Sig

	
0.147

	
0.873




	
Depression score groups

	
F

	
1.524

	




	
Sig

	
0.222




	
Depression score

	
F

	

	
0.013 **




	
Sig

	
0.987 **








Note: N = 120 healthy adults. Cells with bold text and two asterisks show a trend but not a statistically significant (reliable) association between variables, because criteria 3 and 4 did not apply at the same time. ** “Med diet score groups” represent the categorization of the score into 3 groups (0–17, low; 18–36, medium; 37–55, high adherence). “Depression score groups” represent the categorization of the score into 3 groups (0–13, none; 14–19, low; 20–28, medium; 29–63, high possibility of developing depression).
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