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Abstract

:

Evidence of the association between dietary habits and long-term body weight status is scarce. This study aimed to evaluate changes in Mediterranean-type diet (MTD) adherence in relation to body weight during 20 years of follow-up. Data from n = 1582 participants from the ATTICA cohort study (2002–2022) were used. MTD adherence was assessed via MedDietScore, and body weight status via body mass index (BMI) by 3 different measurements. We found that MTD adherence and changes in this adherence were inversely related to BMI at 20 years and the mean BMI during the 20-year follow-up. In multi-adjusted linear regression models, a 1/55 increase in baseline, 10-year, and 20-year MedDietScore was associated with a decrease of 0.05–0.13 kg/m2 in BMI at 20 years and of 0.08–0.09 kg/m2 in the mean BMI. Being consistently close to the MTD for 20 years was associated with a >90% decreased risk of maintaining overweight/obesity during the 20-year period. Strong, protective, long-lasting effects of the MTD were observed, even in those who deviated from the MTD in the follow-up (41% of the sample). Our results highlight the need to focus on the overall diet quality to minimize the risk of maintaining an excessive body weight during the life-course.
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1. Introduction


Obesity is a multifactorial chronic disease with significant health consequences, and is currently recognized as an epidemic. Body weight is a modifiable risk factor for the prevention of cardiometabolic disorders, some types of cancer, and other non-communicable diseases [1,2,3,4,5,6,7]. Based on a recent report from WHO, 6 out of 10 Europeans have a body weight on the overweight or obese scale, while approximately 2 out of 10 are on the obese scale [8]. Data from the Global Burden of Disease study have shown that in both sexes, the global burden of disease (i.e., global deaths and disability-adjusted life years-DALYs) attributed to high body mass index (BMI) was more than 2 times higher in 2017 compared to 1990 [9]. It was recently estimated that by 2035, globally, 3.3 billion adults will have overweight or obesity [10]. Moreover, it has been estimated that in the US alone, the obesity epidemic has cost USD 113.9 billion in direct healthcare costs [11].



The most widely acknowledged drivers of the pervasive obesity include an increased energy intake, decreased physical activity and low-quality diets, which, along with other factors, may lead to disruptions in an individual’s energy balance [12]. In a recent perspective paper, Mozaffarian [13] highlighted that, despite the increased obesity prevalence rates, national data from the US (where the highest obesity rates are observed) do not support increases in energy intake or decreases in physical activity. Thus, it is proposed that alternative factors that could be considered are biological mechanisms including metabolic expenditure, the gut microbiome, and the intergenerational transmission of risk, all of which are related to changes in diet quality [13].



Multiple dietary patterns have been studied in relation to the development of overweight/obesity or body weight management, the most studied being the Mediterranean dietary pattern [6,14,15,16,17,18]. However, studies exploring the association between adherence to the Mediterranean-type diet (MTD), especially longitudinal changes in MTD adherence, for which declines have been observed globally [19,20,21], and long-term body weight status, remain scarce.



Hence, our study aimed to evaluate MTD adherence patterns in relation to body weight during 20 years of follow-up. Specifically, we evaluated various MTD adherence trajectories in relation to body weight as assessed by (i) BMI at the 20-year follow-up (2022), (ii) mean BMI during the whole study period (2002–2022), (iii) BMI trajectories (during 2002–2022), and (iv) the risk of always having overweight/obesity during the 20-year follow-up.




2. Materials and Methods


2.1. Study Design and Aims


The ATTICA study is a prospective cohort study, with 4 different evaluations; the baseline evaluation performed during 2001–2002, and 3 follow-up evaluations in 2006, 2012, and 2022 (i.e., 5-, 10- and 20-year follow-ups). The study’s main aim was to evaluate anthropometric, lifestyle, clinical, biochemical, and socio-demographic parameters related to cardiovascular disease (CVD) incidence. Adult men and women from the Attica region of Greece (including Athens, the capital of Greece) were included. Participants’ characteristics were evaluated by face-to-face interviews with the investigators. The study methodology and aims can be found in detail in other publications [22,23,24].




2.2. Bioethics


The ATTICA study was carried out in accordance with the Declaration of Helsinki (1989) of the World Medical Association and was approved by the Institutional Ethics committee of Athens Medical School (#017/1.5.2001). To participate in the study, all participants were informed about the study aims and provided written consent.




2.3. Baseline and Follow-Up Assessment


2.3.1. Baseline Socio-Demographic Characteristics


Baseline socio-demographic parameters included age, sex, and socio-economic status (SES). High SES was defined as having 15 or more years of schooling and high income, or 10–14 years of schooling and very high income. Comparisons were made between high SES vs. all other SES categories (i.e., low/middle SES).




2.3.2. Baseline Cardiometabolic Parameters


Participants’ arterial blood pressure was measured with a manometric device (ELKA aneroid manometric sphygmometer, Von Schlieben Co., Munich, West Germany). Biochemical characteristics, i.e., glucose, insulin, total cholesterol, high-density lipoprotein cholesterol (HDL), triglycerides, high sensitivity C-reactive protein (hsCRP), uric acid, and creatinine, were measured in 12 h fasting blood samples using the chromatographic enzymic method in a Technicon automatic analyzer RA-1000 (Dade Behring, Marburg, Germany). Serum was harvested immediately after admission. Low-density lipoprotein cholesterol (LDL) was estimated by the Friedewald equation [25]. The homoeostasis model of assessment of insulin resistance (HOMA-IR) was used to estimate insulin resistance [26]. The estimated glomerular filtration rate (eGFR) was calculated through the Chronic Kidney Disease Epidemiology Collaboration equation as a measure of kidney function [27].




2.3.3. Baseline Clinical Characteristics


The presence of clinical characteristics was assessed by study investigators and defined according to WHO-ICD-10. Diabetes mellitus was defined as fasting plasma glucose ≥ 126 mg/dL or use of antidiabetic drugs [28]. Hypertension was defined as an average systolic blood pressure/diastolic blood pressure > 140/90 mmHg or use of antihypertensive drugs [29]. Hypercholesterolemia was defined as total cholesterol ≥ 200 mg/dL and/or use of hypocholesterolemic agents [30].




2.3.4. Baseline Lifestyle Characteristics


Concerning smoking habits, participants were categorized as non-smokers (those who had never smoked) and as ever-smokers (those who currently or previously smoked). Pack-years of cigarette smoking were also calculated for each participant by multiplying smoking duration (in years) with the number of packs/day (assuming 20 cigarettes in a pack).



To assess participants’ physical activity level, the short-form International Physical Activity Questionnaire (IPAQ), which is validated for the Greek population, was used [31]. The IPAQ has shown a very good reliability (i.e., rw = 0.74) and validity (i.e., rw = 0.72) in previous studies [32]. Comparisons were made between those who were inactive vs. those who were active (i.e., minimally/highly active, according to MET-minutes/week).




2.3.5. Dietary Habits


Participants’ dietary habits were evaluated by trained personnel through a Food Frequency Questionnaire (FFQ), validated for the Greek population, kindly provided by the developers [33]; this FFQ has a good overall reliability, as the assessment of most nutrients was comparable to 24 h recalls and the results were sufficiently reproducible after a 1-year period. Moreover, the overall dietary pattern of the participants was assessed through the level of adherence to the MTD. MTD adherence was evaluated via MedDietScore (range: 0–55, higher values signifying higher adherence) at baseline (2002) as well as at the 10-year and 20-year follow-ups (2012 and 2022, respectively) [34]. In a systematic review that assessed the psychometric properties of multiple Mediterranean diet scores, it was concluded that data on the applicability parameters and psychometric quality of these scores are scarce, but the MedDietScore, along with 2 other scores, had the highest levels of evidence [35]. MedDietScore is calculated based on 11 components, which include 7 Mediterranean foods/food groups traditionally consumed in the MTD (i.e., olive oil, fruits, vegetables, potatoes, legumes, whole grains, and fish), which are scored on a positive scale (0–5, for very rare to very frequent consumption); 3 non-Mediterranean foods/food groups (poultry, full-fat dairy products, and red meat), which are scored on the opposite scale; and alcohol, which is scored on a non-linear scale (0 for consumption of 0 and >7 servings/day, or 1 to 5 for consumption of 6–7, 5–6, 4–5, 3–4, and 1–3 servings/day, respectively).



Furthermore, the following MTD trajectories were calculated during 2002–2012 and during 2002–2022, using the median value of MedDietScore at each time point (i.e., 27 at baseline, 26 at 10 years, and 22 at 20 years): always close (MedDietScore ≥ median both at baseline and the respective follow-up); from close to away (MedDietScore score ≥ median at baseline, but <median at the respective follow-up); from away to close (MedDietScore < median at baseline, but ≥median at the respective follow-up); and always away (MedDietScore < median both at baseline and the respective follow-up).




2.3.6. Body Weight Assessment


Body weight and height were measured according to standard procedures at baseline (in 2002) as well as the 10- and 20-year follow-ups (in 2012 and 2022, respectively). BMI was computed as weight/height2 (kg/m2) at all evaluations. Moreover, the mean BMI of the 2002, 2012, and 2022 measurements was also calculated for each participant. Furthermore, body weight trajectories were calculated according to BMI measurements at baseline (in 2002) and at the 20-year follow-up (in 2022); participants’ body weight status was categorized as: (a) always had a normal weight: those who had a BMI < 25 kg/m2 at both follow-up evaluations (2002 and 2022); (b) acquired overweight/obesity: those who had a BMI < 25 kg/m2 in 2002, but ≥25 kg/m2 in 2022; (c) acquired a normal weight: those who had a BMI ≥ 25 kg/m2 in 2002, but <25 kg/m2 in 2022; and (d) always had overweight/obesity: those who had a BMI ≥ 25 kg/m2 at both evaluations (2002 and 2022).





2.4. Study Sample


During 2001–2002, 4056 adults from the region of Attica, Greece were randomly invited to participate in the study. The sample selection was random and stratified by age, sex, and region, based on the 2001 census. Initially, participants were reached by telephone calls, letters, or home visits. Afterwards, 3042 adult men and women, who suited the study criteria, agreed to participate in the baseline examination and were, thus, recruited in the study. Trained health professionals assessed these participants’ characteristics through face-to-face interviews. Of the 3042 initial participants, 2583 were found at the 10-year follow-up (85% participation rate), and 2169 participants were found at the 20-year follow-up (71% participation rate) (Figure 1). Almost half of the individuals lost to follow-up were not found because of missing or wrong addresses and telephone numbers and the rest because they declined to be re-examined. After excluding participants with missing values on the BMI measurements, the sample for the current analyses consisted of 1582 participants (Figure 1). No significant differences were observed between this sample and the baseline sample, regarding the distribution of age and sex (p-value > 0.05).




2.5. Statistical Analysis


Categorical variables are presented as relative frequencies. Differences between body weight trajectories during 2002–2022 and categorical variables are derived from the chi-square test. Continuous variables are presented as mean values ± standard deviation (SD) for normally distributed variables (i.e., age) or as median (interquartile range-IQR) for non-normally distributed variables (i.e., triglycerides, HOMA-IR, hsCRP, eGFR, pack-years of cigarette smoking, and MedDietScore in 2002, 2012, and 2022). Continuous variables were tested for normality through probability–probability plots. Differences between body weight trajectories (2002–2022) and continuous variables were derived from one-way analysis of variance (ANOVA) for normally distributed variables or the Kruskal Wallis non-parametric test for non-normally distributed variables. p-values from post hoc comparisons were adjusted using the Bonferroni rule. Linear regression analysis was performed to evaluate dietary habits and BMI (in 2022 and during 2002–2022). All models were adjusted for age, sex, SES, energy intake, presence of hypercholesterolemia, hypertension, diabetes mellitus, physical activity level, and smoking status. Moreover, binary regression analysis was performed to evaluate dietary habits and the risk of longitudinally sustaining overweight/obesity during the 20-year follow-up. Crude models (Model 1) and adjusted models were used (Model 2: adjusted for age and sex; Model 3: Model 2 and further adjustment for SES, energy intake, smoking, physical activity, hypertension, hypercholesterolemia, and diabetes mellitus). Participants with missing values were excluded from the analysis. The final analyzed sample (n = 1582) was sufficient to obtain a statistical power of 80% or higher to evaluate two-sided statistical hypotheses of odds ratios of maintaining overweight/obesity of 1.20 or higher, with a 0.05 type-I error rate. For the statistical analyses, STATA version 17 (STATA Corp, College Station, TX, USA) was used.





3. Results


In our study sample (n = 1582), mean BMI was 25.7 kg/m2 (SD: 4.5) at baseline, 26.6 kg/m2 (SD: 4.5) at 10 years, and 25.8 kg/m2 (SD: 4.6) at 20 years, while during the whole 20-year follow-up period, mean BMI was 26.0 kg/m2 (SD: 3.4). Moreover, trajectory analysis revealed that during the 20-year period, 49.4% of the participants (n = 781) always had overweight/obesity, 45.4% (n = 719) always had a normal weight, while 3.6% (n = 57) acquired overweight/obesity, and only 1.6% (n = 25) acquired a normal body weight. Concerning MTD trajectories, most of the study sample, i.e., 41% moved away, 32% were always away, 22% were always close and 5% moved closer to the MTD during the 20-year follow-up.



3.1. Participants’ Baseline Characteristics by Body Weight Trajectories (2002–2022)


Table 1 presents participants’ baseline characteristics according to the different body weight trajectories during 2002–2022, as evaluated by BMI. In brief, compared to participants who always had a normal weight, those who always had a body weight in the overweight or obese range were older, more frequently men, exhibited a higher prevalence of all clinical factors (i.e., diabetes mellitus, hypercholesterolemia, and hypertension), had a more detrimental cardiometabolic profile (i.e., higher total and LDL cholesterol, triglycerides, blood pressure, HOMA-IR, and hsCRP levels, and lower HDL and e-GFR), reported higher pack-years of cigarette smoking, and were less physically active. Moreover, compared to those who always had a normal weight during 2002–2022, those who initially had an overweight/obese body weight in 2002 but had acquired a normal weight in 2022 were mainly older men who had a higher prevalence of hypercholesterolemia and hypertension, higher pack-years of cigarette smoking, higher levels of total and LDL cholesterol, higher levels of triglycerides, and higher blood pressure levels (Table 1).




3.2. Participants’ Dietary Habits by Body Weight Trajectories (2002–2022)


Participants’ dietary habits according to body weight trajectories (2002–2022) are presented in Table 2. The overall dietary habits differed in the four body weight trajectories; participants in the categories “acquired a normal weight” and “always had overweight/obesity”, had lower MedDietScore values at baseline, compared to the other two categories (i.e., “always had a normal weight” and “acquired overweight/obesity”). Furthermore, participants in the categories “acquired a normal weight” and “always had overweight/obesity” also had lower MedDietScore values in 2012 and 2022, compared to participants who always had a normal weight. The majority of the participants showed declines in MTD adherence (high to low trajectory) during 2002–2012, while, during 2002–2022, a significant percentage were always away from the MTD (Table 2).




3.3. Dietary Habits and Body Mass Index during the 20-Year Follow-Up (2002–2022)


Table 3 presents results from linear regression analysis, with dietary habits being the independent variable and the dependent variable being BMI in 2022 (for Model 1) and mean BMI during the whole 20-year period (2002–2022) (for Model 2). Inverse associations were observed between MedDietScore (at baseline, in 2012, or in 2022) and BMI in 2022 (Model 1, Table 3) or mean BMI during 2002–2022 (Model 2, Table 3), adjusted for age, sex, SES, energy intake, presence of hypercholesterolemia, hypertension, diabetes mellitus, physical activity level, and smoking status. A 1/55 increase in baseline MedDietScore was associated with a decrease of 0.13 kg/m2 in BMI at 20 years and of 0.08 kg/m2 in the mean BMI during 2002–2022; a 1/55 increase in MedDietScore in 2012 was associated with a decrease of 0.11 kg/m2 in BMI at 20 years and of 0.08 kg/m2 in the mean BMI; and a 1/55 increase in MedDietScore in 2022 was associated with a decrease of 0.05 kg/m2 in BMI at 20 years and of 0.09 kg/m2 in the mean BMI. Moreover, compared to being always away, being always or initially close to the MTD during the 10- or 20-year follow-up period was associated with decreases in BMI at 20 years or mean BMI during the 20 years ranging from 3.08 to 6.54 kg/m2 (for details please see Table 3).




3.4. Dietary Habits and the Risk of Always Having Overweight/Obesity during the 20-Year Follow-Up (2002–2022)


Results from binary regression analysis to evaluate the relationship between dietary habits and the risk of always having overweight/obesity during the 20-year follow-up are presented in Table 4. In the fully adjusted model, adjusted for age, sex, SES, energy intake, smoking, physical activity, hypertension, hypercholesterolemia, and diabetes mellitus, adherence to the MTD, both at baseline and at the follow-ups, was inversely associated with the 20-year risk of persistently having overweight/obesity. Specifically, an increase of 1/55 in baseline MedDietScore (2002) was associated with an 8% decreased risk of always having overweight/obesity; an increase of 1/55 in 10-year MedDietScore (2012) was associated with a 7% decreased risk; and an increase of 1/55 in 20-year MedDietScore (2022) was associated with a 4% decreased risk. Compared to being always away, being initially or always close to the MTD during 2002–2012 was associated with 83% and 97% reduced risk of always having overweight/obesity during 2002–2012, respectively. Moreover, being initially or always close to the MTD during 2002–2022 was associated with 90% and 98% reduced risk of always having overweight/obesity during 2002–2022, respectively.





4. Discussion


4.1. Main Findings


The present study aimed to assess dietary habits and their association with lifelong body weight status. We found that MTD adherence was inversely related to BMI at the 20-year follow-up and the mean BMI, which was based on three different measurements performed during the 20-year period. Additionally, adhering to the MTD was inversely associated with the risk of continuously having overweight/obesity during 20 years of follow-up, independently of age, sex, SES, energy intake, smoking status, physical activity, and presence of hypertension, hypercholesterolemia, and diabetes mellitus. Being consistently close to the MTD was associated with an astounding > 90% decreased risk of maintaining overweight/obesity during these 20 years of follow-up. Interestingly, strong protective long-lasting effects of the Mediterranean dietary pattern were observed, even in those who were initially close but had a declined MTD adherence at the follow-up (41% of the current total study sample). Our results highlight the need to focus on the overall diet quality to minimize the risk of maintaining an excessive weight during the life-course.



Moreover, we observed that only a small percentage of the study sample significantly changed their body weight status during the 20-year follow-up (i.e., 5.2% changed their body weight status; 3.6% acquired overweight/obesity, and 1.6% acquired a normal body weight). However, these findings do not negate the fact that short-term variations in body weight could have taken place. In the short term, some individuals might successfully lose weight, but weight regain is common [36,37], and may ultimately lead to changes of little significance in the long-term, without proper modifications. In fact, in a review by Yannakoulia et al. [38], it was highlighted that diet modification is essential for weight loss and that dietary patterns such as the MTD or food-based diets may help in achieving weight loss.




4.2. The Current State of the Research Field


Studies that evaluate changes in diet quality are scarce, but have observed similar findings [17,39,40,41,42]. For instance, in a study by Fung et al., in a combined cohort from the Nurses’ Health Study, the Health Professionals Follow-Up Study, and the Nurses’ Health Study II, it was found that an improvement in diet quality, evaluated by multiple scores (i.e., the Alternate Mediterranean Diet—aMED, the Alternate Healthy Eating Index 2010—AHEI2010, and the Dietary Approaches to Stop Hypertension adherence score—DASH) was associated with less weight gain over 4-year periods, especially in overweight participants [17]. These results are similar to those of our study; it is worth noting that in our study, participants’ BMI at all time points, and mean BMI, were slightly in the overweight range, while in the study by Fung et al., participants’ baseline BMI was in the normal range [17]. Taken together, the amelioration of diet quality is particularly important for those that have an increased body weight. Similarly, in the Multiethnic Cohort Study, changes in diet quality were assessed through four indexes i.e., aMED, HEI2015, AHEI2010, and DASH, and it was found that improvements in diet quality during a 10-year period were associated with smaller weight gain in most subgroup analyses performed (by race/ethnicity, baseline age, and BMI) [40]. However, it should be noted that these results support the idea that both consistently increasing diet quality and longitudinally improving diet quality are beneficial for body weight status. Our results support the idea that, concerning MTD adherence, the initial adherence has beneficial effects, but getting closer to the MTD later in life-course does not, after adjusting for major socio-economic, clinical, and lifestyle factors. In one of our previous reports from the ATTICA cohort study, we found that those who moved closer to the MTD were older participants, with deteriorated health statuses [43]. Thus, reverse causality could apply to them; improvements in (potentially long-established) dietary habits could have taken place due to medical advice to attenuate disease burden [43].



Our results are also in line with multiple guidelines and systematic reviews supporting the idea that adhering to the MTD has a prime role in managing and preventing obesity [3,6,15,17,44,45,46]. For instance, the most recent guidelines on medical nutrition therapy for managing overweight and obesity from the European Association for the Study of Obesity (EASO) and the European Federation of the Associations of Dietitians (EFAD) state that, among other dietary patterns, adherence to an MTD and diets that emphasize the consumption of fruits and vegetables, whole grains, pulses, nuts, and dairy foods, with or without calorie restriction, are vital for managing weight and ameliorating metabolic health [3]. A systematic review and meta-analysis of six prospective cohorts showed that being closer to the MTD was related to a 9% decreased risk of overweight/obesity and that, per 1-point increase in the Mediterranean diet score used, the risk of overweight/obesity was reduced by 2%, while a 1-point increase in the Mediterranean diet score was also related to 0.04 kg less weight gain [45]. It should be mentioned that our results shed light on the long-term relationship between (changes in) dietary habits and (changes in) body weight management, a topic that has not been adequately studied from a life-long perspective.



Additionally, it is important to study the effect of the Mediterranean dietary pattern on weight control compared to other dietary patterns. A systematic review of five RCTs with ≥12 months of follow-up investigated the adherence to MTD, low-fat, low-carbohydrate, and American Diabetes Association diets [47]. It was shown that when compared to low-fat diets, the MTD produced greater weight loss, while when it was compared to the other two diets (i.e., the low-carbohydrate and the American Diabetes Association diets), no significant differences in weight loss were observed. Another systematic review of 16 RCTs on the relationship between central obesity and the MTD found that the MTD led to a reduction in waist circumference and visceral fat in 13/16 studies [48]. Of note, n = 7 studies were energy restricted; the beneficial effect of the MTD compared to the control group remained in 3 out of the 7 studies. In a cross-over RCT (n = 62 overweight adults), an MTD and a low-fat vegan diet were compared for a 16-week period, with no limitations on energy intake [49]. It was shown that a vegan diet and an MTD had comparable effects for weight loss in a short-term period (i.e., 16 weeks). However, it should be noted that when participants followed the low-fat vegan diet, but not the MTD, they reduced their energy intake. Concerning energy intake, an interesting comparison is the one between the results on obesity from the PREDIMED (Prevención con Dieta Mediterránea) and the PREDIMED-PLUS trials [15,50]. In the landmark PREDIMED study, the aim was to assess the effects of only the MTD and not other lifestyle factors; hence, no energy restriction was employed, but the MTD enriched with either nuts or extra virgin olive oil (EVOO) (compared to a lower fat diet) was related to minimal body weight changes and less gain in central adiposity [15,50]. In the ongoing PREDIMED-PLUS trial, MTD is accompanied by physical activity to attain energy restriction, and compared to an MTD alone; preliminary results propose that the intervention group (MTD and physical activity with an average energy restriction of about 100 kcal/day) outclasses the control group (only MTD) in terms of weight loss [15,51,52].




4.3. The Mediterranean-Type Diet and Body Weight Management: The Underlying Mechanisms


Traditionally, an MTD is based on minimally processed foods; it includes a high consumption of fats, particularly EVOO, low-glycemic index carbohydrates, wholegrain cereals, fruits, legumes, vegetables, nuts; a moderate consumption of fish, poultry, dairy, and red wine with meals; and a low consumption of red meat and sweets [15,53,54]. In a comprehensive review, Estruch and Ross describe in detail the impact of the MTD in obesity control and obesity-related diseases [15]. In brief, an MTD containing approximately 40% of energy from fat and 40% from carbohydrates leads to reductions in body weight and waist circumference when energy restricted, and has beneficial effects for CVD and cardiometabolic factors (such as blood pressure, diabetes, hypercholesterolemia, and inflammation), as well as some types of cancer, neurodegenerative disorders, and mortality from all causes [15].



Recently, Dominguez et al. reviewed the role of the MTD to prevent and tackle obesity, as well as the molecular mechanisms that might explain this relationship [6]. Specifically, the components of the Mediterranean dietary pattern that may help in preventing obesity and managing body weight include the high content of polyphenols in EVOO, fruits, vegetables, herbs, spices, whole grains, legumes, and nuts; the high content of monounsaturated fatty acids (MUFAs) and poly-unsaturated-to-saturated fatty acid ratios (PUFA/SFA) due to the consumption of EVOO, nuts, fish, and seafood; and the high ratios of n-3/n-6 fatty acids due to nut, fish, and seafood consumption. All of these components have anti-inflammatory and anti-oxidant abilities that can help in reducing the chronic inflammation that is associated with obesity [6,55]. Moreover, vegetables and fruits, whole grains, legumes, and nuts are rich in fiber, which may help in achieving better appetite control, due to a lower gastric emptying and an increased perceived satiety [56]. Furthermore, polyphenols, n-3 PUFA, and fiber have prebiotic abilities and may be beneficial for the altered composition of the gut microbiota observed in patients with obesity compared to those with normal body weight [57,58]. Finally, a potential explanation for the protective nature of the MTD against the risk of having an increased BMI could be summarized by Aristotle’s quote “The whole is greater than the sum of its parts”. That is to say, the combination of different foods in a diet, and by extent the different nutrients in the food matrix, can act together and synergistically and multi-directionally affect disease risk [59], as well as body weight as observed in the current study.



It should be noted that despite the high energy content of olive oil, it has been shown in the SUN (Seguimiento Universidad de Navarra) study that high consumption of olive oil, in the context of the MTD, was not associated with gaining weight or a higher risk of overweight/obesity [60]. The high calorie content of a specific food does not necessarily lead to an energy imbalance when the overall diet is taken into account. In addition, a systematic review and meta-analysis of randomized controlled trials (RCTs) concluded that a diet enriched with olive oil was beneficial for weight management in adults free of CVD [61], a population similar to that of our study sample.



It has been shown that decreasing energy balance by even 50–100 kcal/day is attainable and can help in achieving weight loss [62]. Multiple diets can lead to weight loss and help in preventing and managing obesity if energy restricted, at least in the short term; as the dogma of thermodynamic laws states, “a calorie is a calorie” [16]. However, it might not be as simple as that, from a long-term perspective. It has been questioned if all calories are created equal. That is to say, different foods and nutrients are digested differently and can affect both energy intake and output, and by extent, energy balance; in the long-term, even a small, virtually unnoticed change in diet quality can be associated with gaining weight [63,64]. Herein, we found that increased diet quality, and specifically, higher MTD adherence, can offer improvements for body weight in the long term, independently of energy intake and other confounding factors. Recently, in a systematic review by Koutras et al. [65], it was found that a healthy dietary pattern, similar to an MTD (i.e., high intake of whole grains, fruits and vegetables, unprocessed cereals, and dairy, and low intake of sweets and high-fat foods), was related to longitudinal changes in body weight status (assessed as body weight or BMI) and overweight/obesity risk, which is in line with our results.




4.4. Implications and Suggestions for Policy Measures


According to the recently published World Obesity Atlas 2024 [10], the global cost associated with high BMI will exceed USD 4 trillion in the next 10 years (i.e., in 2035). However, investments to manage the pervasive obesity need to be made to reduce this cost [10]. Facilitating adherence to Mediterranean or other similar dietary patterns might be a relatively cost-effective measure to prevent the maintenance of increased adiposity, as shown in our study. Specifically, our results suggest that an initial or continuous increased diet quality, through an MTD, should be promoted. By extension, the focus should be shifted from counting calories to increasing the consumption of nutritious foods and following healthy diets [63], which, ultimately, might be more effective in achieving a negative energy balance. Moreover, this should be done as early as possible. That is to say, programs for obesity prevention and treatment should be implemented in schools or the community, and promote first and foremost a diet of high quality such as the MTD, along with other important lifestyle habits (e.g., increased physical activity, adequate sleep, and decreased television watching) [63]. This study also suggests that in public health actions, the focus could also be turned to preventing (further) weight gain rather than finding new ways (or fad diets) to induce weight loss [63]. For all these to be achieved, there needs to be a collaboration between the scientific community and the food industry, along with governmental authorities for the development and provision of healthier foods, which can then be easily incorporated in a person’s daily diet [64].




4.5. Strengths and Limitations


The ATTICA cohort study is a prospective cohort study with multiple follow-ups and a large sample, studied for 20 years (2002–2022), and therefore allowed the comprehensive investigation of the association between dietary habits and body weight over a long-term period. Moreover, the outcome variable was studied in multiple ways; BMI was studied at 20 years after the initial examination, as well as during the whole 20-year period (i.e., as BMI trajectories or as the mean BMI through three different examinations). Furthermore, MedDietScore was also evaluated at all three time points (in 2002, 2012, 2022); hence, changes in dietary habits were also assessed through MTD adherence.



Some limitations should also be acknowledged. Dietary habits were studied with an FFQ, validated for the Greek population and administered by trained personnel; however, there still exists the possibility of some measurement error attributed to the misreporting of dietary habits. Moreover, BMI does not distinguish between fat and fat-free mass; however, BMI is the most commonly used measure to screen for overweight or obesity in the majority of epidemiological studies [66]. Lastly, even though adjustments were performed for all the major socio-demographic, lifestyle, and clinical factors, some residual confounding due to other factors, such as sleep habits or psychological characteristics, might remain.





5. Conclusions


This study found that following the Mediterranean dietary pattern can offer benefits for managing long-term body weight, as assessed by BMI, and also protect against the risk of persistently having overweight/obesity during a 20-year period of follow-up. While the strongest effects were observed in those who continuously adhered to the MTD, protective effects were also observed, even in those who were initially close but had a declined MTD adherence in the follow-up. Hence, the study results further strengthen the literature that emphasizes the protective effects of the MTD, by highlighting the long-lasting effects of this widely acknowledged dietary pattern to effectively manage body weight in the long term. To regulate the pervasive obesity, the focus should be shifted to diet quality, and collaborative efforts between the food industry, governmental authorities, and scientists should be focused on developing and providing consumers with healthier food choices.
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Figure 1. Flow-diagram of the ATTICA study participants (n = 1582). Abbreviations: ASCVD: atherosclerotic cardiovascular disease, BMI: body mass index. 
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Table 1. Participants’ baseline characteristics by body weight trajectories (2002–2022) in the ATTICA study (n = 1582).






Table 1. Participants’ baseline characteristics by body weight trajectories (2002–2022) in the ATTICA study (n = 1582).





	

	
Trajectories of Body Weight, 2002–2022

	
p-Value *




	
Socio-Demographic

Characteristics

	
Always Had a Normal Weight

	
Acquired Overweight/Obesity

	
Acquired a Normal Weight

	
Always Had Overweight/Obesity

	






	
N

	
719

	
57

	
25

	
781

	
-




	
Age, mean (SD)

	
36 (10)

	
38 (10)

	
49 (10) a,b

	
40 (9) a

	
<0.001




	
Sex, %men

	
31

	
30

	
76 a,b

	
65 a,b

	
<0.001




	
High socio-economic

status, %

	
39

	
32

	
41

	
38

	
0.784




	
Clinical characteristics

	

	

	

	

	




	
Diabetes mellitus, %

	
1.3

	
3.7

	
0

	
5 a

	
<0.001




	
Hypercholesterolemia, %

	
24

	
30

	
56 a

	
40 a

	
<0.001




	
Hypertension, %

	
11

	
20

	
43 a

	
32 a

	
<0.001




	
Cardiometabolic

parameters

	

	

	

	

	




	
Total cholesterol, mg/dL, mean (SD)

	
178 (37)

	
182 (43)

	
214 (43) a,b

	
193 (40) a

	
<0.001




	
LDL, mg/dL, mean (SD)

	
109 (34)

	
117 (40)

	
137 (42) a

	
123 (37) a

	
<0.001




	
HDL, mg/dL, mean (SD)

	
53 (14)

	
49 (12)

	
47 (16)

	
45 (13) a

	
<0.001




	
Triglycerides, mg/dL,

median (IQR)

	
70 (46)

	
79 (73)

	
105 (65) a

	
107 (82) a,b

	
<0.001




	
SBP, mmHg, mean (SD)

	
112 (15)

	
119 (17) a

	
129 (20) a

	
123 (16) a

	
<0.001




	
DBP, mmHg, mean (SD)

	
73 (10)

	
77 (11)

	
85 (12) a,b

	
81 (11) a,b

	
<0.001




	
HOMA-IR, median (IQR)

	
2.6 (0.9)

	
2.6 (0.8)

	
2.8 (1.0)

	
2.9 (1.1) a

	
<0.001




	
hsCRP, mg/L, median (IQR)

	
0.60 (1.3)

	
0.62 (1.1)

	
1.5 (2.0)

	
1.4 (2.1) a,b

	
<0.001




	
eGFR, mL/min/1.73 m2, median (IQR)

	
142 (112)

	
146 (113)

	
129 (120)

	
126 (113) a

	
0.021




	
Lifestyle characteristics

	

	

	

	

	




	
Ever smokers, %

	
54

	
59

	
52

	
60

	
0.072




	
Pack-years of cigarette smoking, median (IQR)

	
280 (420)

	
260 (440)

	
433 (590) a,b

	
420 (600) a

	
<0.001




	
Physically active, %

	
40

	
33

	
36

	
31 a

	
0.009








* p-values referring to differences between body weight trajectories and categorical variables: derived from the chi-square test. p-values referring to differences between body weight trajectories and continuous variables: derived from one-way ANOVA (i.e., age, normally distributed) or the Kruskal Wallis test (triglycerides, HOMA-IR, hsCRP, eGFR, pack-years of cigarette smoking: not normally distributed). a p < 0.05: p-values from post hoc comparisons (vs. always had a normal weight 2002–2022), adjusted using the Bonferroni rule. b p < 0.05: p-values from post hoc comparisons (vs. acquired overweight/obesity 2002–2022), adjusted using the Bonferroni rule. Abbreviations: ANOVA: analysis of variance; hsCRP: high-sensitivity C-reactive protein; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration rate; IQR: interquartile range; HDL: high-density lipoprotein cholesterol; HOMA-IR: homeostatic model of assessment for insulin resistance; LDL: low-density lipoprotein cholesterol; SBP: systolic blood pressure; SD: standard deviation.













 





Table 2. Participants’ dietary habits by body weight trajectories (2002–2022) in the ATTICA study (n = 1582).






Table 2. Participants’ dietary habits by body weight trajectories (2002–2022) in the ATTICA study (n = 1582).





	

	
Trajectories of Body Weight, 2002–2022

	
p-Value *




	
Dietary Habits

	
Always Had a Normal Weight

	
Acquired Overweight/Obesity

	
Acquired a Normal Weight

	
Always Had Overweight/Obesity

	






	
N

	
719

	
57

	
25

	
781

	
-




	
Baseline MedDietScore (2002), median (IQR)

	
28 (2.3)

	
28 (2.1)

	
26 (2.3) a,b

	
25 (2.7) a,b

	
<0.001




	
MedDietScore (2012), median (IQR)

	
27 (2.4)

	
27 (2.2)

	
25 (2.6) a

	
25 (2.8) a,b

	
<0.001




	
MedDietScore (2022), median (IQR)

	
22 (4.0)

	
22 (6.0)

	
20 (4) a

	
19 (3.0) a

	
<0.001




	
Mediterranean-type diet trajectories 2002–2012, %

	

	

	
a,b

	
a,b

	
<0.001




	
Always low

	
8

	
2

	
72

	
56

	




	
Low to high

	
1

	
2

	
12

	
6

	




	
High to low

	
2

	
8

	
0

	
2

	




	
Always high

	
89

	
88

	
16

	
36

	




	
Mediterranean-type diet trajectories 2002–2022, %

	

	

	
a,b

	
a,b

	
<0.001




	
Always low

	
7

	
4

	
64

	
54

	




	
Low to high

	
2

	
0

	
20

	
8

	




	
High to low

	
45

	
55

	
12

	
31

	




	
Always high

	
46

	
41

	
4

	
7

	








* p-values referring to differences between body weight trajectories and categorical variables: derived from the chi-square test. p-values referring to differences between body weight trajectories and continuous variables: derived from the Kruskal Wallis non-parametric test (i.e., MedDietScore in 2002, 2012, 2022: not normally distributed). Bold indicates statistical significance. a p < 0.05: p-values from post hoc comparisons (vs. always had a normal weight 2002–2022), adjusted using the Bonferroni rule. b p < 0.05: p-values from post hoc comparisons (vs. acquired overweight/obesity 2002–2022), adjusted using the Bonferroni rule. Abbreviations: IQR: interquartile range.













 





Table 3. Results from linear regression analysis evaluating dietary habits and body mass index in the ATTICA study (n = 1582).
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Dietary Habits

(Independent Variables)

	
Models *




	

	
Model 1: BMI in 2022 (kg/m2),

b (SE)

	
p-Value

	
Model 2: Mean BMI during 2002–2022 (kg/m2),

b (SE)

	
p-Value






	
Baseline MedDietScore (2002), per 1/55

	
−0.13 (0.02)

	
<0.001

	
−0.08 (0.02)

	
<0.001




	
MedDietScore (2012), per 1/55

	
−0.11 (0.02)

	
<0.001

	
−0.08 (0.02)

	
<0.001




	
MedDietScore (2022), per 1/55

	
−0.05 (0.02)

	
0.019

	
−0.09 (0.02)

	
<0.001




	
Mediterranean-type diet trajectories 2002–2012

vs always low

	

	

	

	




	
Low to high

	
0.30 (0.73)

	
0.683

	
−0.26 (0.55)

	
0.639




	
High to low

	
−4.09 (0.77)

	
<0.001

	
−3.08 (0.60)

	
<0.001




	
Always high

	
−4.37 (0.48)

	
<0.001

	
−3.37 (0.38)

	
<0.001




	
Mediterranean-type diet trajectories 2002–2022

vs always low

	

	

	

	




	
Low to high

	
−0.47 (0.64)

	
0.459

	
−0.81 (0.57)

	
0.159




	
High to low

	
−3.88 (0.43)

	
<0.001

	
−3.16 (0.35)

	
<0.001




	
Always high

	
−6.54 (0.54)

	
<0.001

	
−5.28 (0.49)

	
<0.001








* Each line represents the dietary habits (dependent variables). The numbers in each cell represent the coefficients (b-coefficient and SE) of BMI in different time points (the independent variables) as indicated in each column. All models were adjusted for age, sex, socio-economic status, energy intake, hypercholesterolemia, hypertension, diabetes mellitus, physical activity, and smoking. Abbreviations: BMI: body mass index; SE: standard error.













 





Table 4. Results from binary regression analysis evaluating dietary habits and the risk of always having overweight/obesity during 20 years of follow-up in the ATTICA study sample (n = 1582).






Table 4. Results from binary regression analysis evaluating dietary habits and the risk of always having overweight/obesity during 20 years of follow-up in the ATTICA study sample (n = 1582).





	
Dietary Habits

(Independent Variables)

	
Models




	

	
Model 1: Crude

	
Model 2: Age- and Sex-Adjusted

	
Model 3: Adjusted for Age, Sex, SES, Energy Intake, Smoking, Physical Activity, Hypertension, Hypercholesterolemia and Diabetes Mellitus






	

	
OR (95%CI) *

	
OR (95%CI) *

	
OR (95%CI) *




	
Baseline MedDietScore (2002), per 1/55

	
0.81 (0.78, 0.85)

	
0.88 (0.86, 0.92)

	
0.92 (0.89, 0.95)




	
MedDietScore (2012), per 1/55

	
0.84 (0.81, 0.87)

	
0.90 (0.88, 0.93)

	
0.93 (0.91, 0.96)




	
MedDietScore (2022), per 1/55

	
0.93 (0.92, 0.95)

	
0.96 (0.94, 0.97)

	
0.96 (0.94, 0.99)




	
Mediterranean-type diet trajectories 2002–2012

vs always low

	

	

	




	
Low to high

	
0.84 (0.40, 1.74)

	
0.83 (0.40, 1.72)

	
1.28 (0.44, 3.65)




	
High to low

	
0.11 (0.05, 0.2